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Why does Cardiocap II" 
turn its users on? 





A Because Cardioc ap Il is upand run- { 
K ning, the moment you turn it on. 

Once you make the patient con- q 
nections, Cardioc ap II's Smart Start <2 
feature takes over with automatic 

S screen setup, alarm limits and 
zeroing 


Noadjustments. No calibrations 
No lengthy warm-up 
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The ultimate turn-on. Leaving 
you free for your first priority 
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vour patient. 
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EUROPEAN SOCIETY FOR COMPUTING AND TECHNOLOGY 
IN ANAESTHESIA AND INTENSIVE CARE 


SECOND ANNUAL MEETING 
Salzburg, Austria October 9-12, 1991 


Topics: ICU systems Technology Teaching/simulation 
Fundamental concepts Organ function Nutrition 
Perioperative applications Audit Human interface 
Drug administration Communication 


Information: Peter Schwab, 
Post Box 30, 
A-5041 Salzburg. 
Tel.: +662 387591, Fax.: +662 387592. 
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The Portex MicroCatheter 
System is designed to 
provide continuous spinal 
anaesthesia. 


The technique provides 
continuous access to the 
subarachnoid space 
permitting the period of 
anaesthesia to be 
conveniently prolonged, 
while facilitating consistency 
of anaesthesia, and 
supplementation during 
surgery. 


The Portex MicroCatheter 
System provides a 
combination of 23G 
Crawford spinal needle with 
optimised 30° angle of bevel 
with blunted heel and sides, 
and 28G MicroCatheter with 
removable stylet to aid 
catheter introduction. 
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REVISION COURSES FOR THE 
FCAnaes EXAMINATION 
IN TRENT REGION 


PART 1 WHOLE TIME COURSE 
Nottingham October 9-15, 1991 
Leicester January 23-29, 1992 
Sheffield May 13-19, 1992 


PART 2 WHOLE TIME COURSE 
Sheffield January 15-21, 1992 
Nottingham June 3-9, 1992 


PART 3 WHOLE TIME COURSE 
Nottingham December 11-17, 1991 
Leicester April 23-29, 1992 


Course fee: £150.00 (doctors in the Trent Region, £75.00) 


Further information and applications forms: 


The Secretary, University Department of Anaesthesia, Queen’s Medical Centre, 
Nottingham NG7 2UH. Tel.: 0602 709229 (direct line) 


The Secretary, Department of Anaesthesia, Leicester Royal Infirmary, Lei 
SWW. Tel: 0533 586474 (direct line) ” eee 


The Secretary, University Department of Anaesthesia, Medi i 
s Medical Sch 
Sheffield $10 2RX. Tel.: 0742 700295 (direct line) D 





Dräger 


Arterial O, saturation 
constantly indicated 


Pulse oximetry as an integral 
part of patient monitoring. 
An adequate oxygen supply for the patient 


is the most important — indeed vital — aspect 
of intensive care and anaesthesia. 
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The Oxisat 2 pulse oximeter ensures that 
measurement of an adequate oxygen supply 
is a matter of course and that it can be . 
kept under constant control. There is no patient 
stress since the continuous measurements 
are taken non-invasively. 






Continuing developments in the field of 
measurement techniques, experience, 
customer contact, high-grade manufacturing 
and DragerService will also further ensure 
an increase in the benefits of technology 

for doctors and patients alike. 


We look forward to hearing from you. 


Dragerwerk Aktiengesellschaft 
Division Medical Systems 
Postfach 13 39 

D-2400 Lübeck 1 

Phone (4 51) 882-35 95 


Drager. 
Technology for life. 
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SYMPOSIUM ON ANAESTHESIA & THE AIRWAY 


Postgraduate Medical Centre, Leicester Royal Infirmary 
Thursday, December 5, 1991 





Effect of Anaesthesia on the Upper Airway 
Historical perspective 
Control of the upper airway during anaesthesia 
Anaesthetic agents and laryngeal activity 


Difficult Intubation 
Prediction, Management, Paediatric intubation 


Debate—‘“ The Laryngeal Mask Airway is Frequently a Safe Alternative to 
Tracheal Intubation” 








Speakers 
Prof. A. R. Aitkenhead Dr M. L. Heath 
Dr A. I. J. Brain Dr J. A. Langton 
Dr R. Cormack Prof. J. Norman 
Dr G. B. Drummond Dr J. F. Nunn 
Prof. D. Hatch Dr R. S. Vaughan 


Trade Exhibition 


Registration fee £50 (including lunch). 
Application to: The Secretary, University Department of Anaesthesia, 
Leicester Royal Infirmary, Leicester LE] 5WW. Tel.: (0533) 585291. 
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Anaesthetic age 
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nent Agent 
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Respiration rate 
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Compliance . 
Resistance 


have in common? 





GUIDE TO CONTRIBUTORS 


The purpose of British Journal of Anaesthesia is 
the publication of original work in all branches of 
anaesthesia, including the application of basic 
sciences. One issue each year deals mainly with 
material of postgraduate educational value. 


PAPERS 


Papers submitted must not have been published 
in whole or in part in any other journal, and are 
subject to editorial revision. It is a condition of 
acceptance for publication that copyright becomes 
vested in the Journal and permission to republish 
must be obtained from the Editor. 

Papers based on clinical investigation should 
conform to ethical standards as set out in the 
Declaration of Helsinki and should normally 
include a statement of approval from an appro- 
_ priate Ethics Committee. In the case of animal 

studies it is the responsibility of the author to 
satisfy the Board that no unnecessary suffering 
has been inflicted. Studies from the U.K. should 
specify the Home Office Licence number; from 
elsewhere, a statement of approval from an 
appropriate Licensing Authority. 


LEGAL CONSIDERATIONS 
-. Authors should avoid the use of names, initials 


“sand hospital numbers which might lead to 


-fecognition of a patient. A patient must not be 
“ ¥écognizable in photographs unless written con- 
sent of the subject has been obtained. A table or 
illustration that has been published elsewhere 
should be accompanied by a statement that 
permission for reproduction has been obtained 
from the author and publishers. 


PREPARATION OF MANUSCRIPT 


Three copies of each manuscript (including 


revised texts) should be submitted and should 
indicate the title of the paper, the name(s), 
qualifications and full address(es) of the author(s), 
and be in letter quality heavy type (not dot 
matrix), double-spaced on one side only of the 
paper, with a wide margin. Contributors should 
retain a copy in order to check proofs and in case 
of loss. . 

Each of the three copies submitted must be 
accompanied by a complete set of figures. One set 
of figures must be unmounted glossy prints (see 
below); the two other sets may be photocopies. 


Manuscripts should be accompanied by a 
formal letter of request for publication which 
should be signed by all the authors. 

Papers in recent issues of British Journal of 
Anaesthesia should be consulted for general and 
detailed presentation. They are most often sub- 
divided into: Title page 

Summary 

Introduction (not headed) 
Methods 

Results 

Discussion 
Acknowledgements 

List of references 

Tables 

Illustrations 


Title page 

There should be a separate title page, including 
the name(s), degrees and address(es) of author(s). 
It should be made clear which address relates to 
which author. Authors’ present addresses dif- 
fering from those at which the work was carried 
out, or special instructions concerning the address 
for correspondence, should be given as a footnote 
on the title. page and referenced at the appropriate 
place in the author list by superscript symbols. If 
the address to which proofs should be sent is not 
that of the first-mentioned author, clear instruc- 
tions should be given in a covering note’ and 
not on the title page. The title page should be 
paginated.as page 1 of the paper. 

A short running title containing not more than 
50 characters and spaces should be included. 


Summary 


The summary will be printed at the beginning 
of the paper. It should be on a separate sheet, in 
the form of a single paragraph which gives a 
succinct account of the problem, the methods, 
results and conclusions, and normally should be. 
of 50-150 words. It may be used as it stands by 
abstracting journals. 

Three to five key words or phrases (for 
indexing) should be included below the summary. 


Introduction 


The introduction should give a concise account 
of the background of the problem and the object 
of the investigation. Previous work should be 
quoted only if it has a direct bearing on the 
present problem. 





Date 


879943 


Coupled to Capnomac™ 
Ultima, this patented D-lite™ 
sensor — another “first” from 
Datex — has revolutionized air- 
way gas monitoring in routine 
anaesthesia. Simple in concept, 
it provides the anaesthetist 
with all the vital parameters 
he needs to monitor the pa- 
tient’s ventilatory functions 
during the operation. Breath 
by breath, and at the patient's 
airway —whereit really counts. 

D-lite is just the latest in 
a long line of easy-to-use, stan- 
dard-setting innovations de- 
veloped by Datex, the world’s 


In the U.K: S& 
In Rep. of Ireland 





Answer: 


A single sensor. 


foremost producer of airway 
gas monitors. 

Twenty years ago we in- 
troduced the world’s first com- 
pact capnometer, which 
brought routine monitoring of 
CO, within reach of all opera- 
ting theatres. 
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Normac™, the first Ana- 
esthetic Agents Monitor for 
routine clinical use ... Ultrafast 
Paramagnetic O, Sensor Tech- 
nology, allowing monitoring 
of Patient Oxygen ... Multigas 
Monitoring Side Stream 
Spirometry ... and now Sevo- 
flurane and Desflurane Moni- 
toring ... 

These, too, have one thing 
in common. All mark major 
steps forward in the develop 
ment of airway gas monitoring 
And allare “firsts” from Datex 

Let Datex put your pa- 
tients first — and foremost 


0433 Fax O81 3090919 
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:' Methods 


Methods must be described in sufficient detail 
to allow the investigation to be interpreted and 
repeated by the reader. Any modification of 
previously published methods should be de- 
scribed and the reference given. If the methods are 
commonly used, only a reference to the original 
source is required. : 


Drugs 

When a drug is first mentioned it should be 
given the generic or official name, followed in 
parentheses by the chemical formula only if the 
structure is not well known, and by the capitalized 
proprietary name. 


_ Results 

Description of results, while concise, should 
permit repetition of the investigation by others. 
Data should not be repeated unnecessarily in text, 
. tables and figures, and unwarranted numbers of 
digits should be avoided. Significance should be 
given as values of probability. The desired 
positions of tables and figures may be indicated by 
` written instructions enclosed within lines and 
brackets, for example: 


(TABLE III near here) 


The discussion should not merely recapitulate 
the results, but should present their interpretation 
against the background of existing knowledge. It 
should include a statement of any assumptions on 
which conclusions are based. 

Acknowledgements 
Acknowledgements will be printed in small 


type. They should be brief, and should include.- 


reference to sources of support and sources -of 
drugs not freely available commercially. 


References 


There should be a table of references at the 
conclusion of the paper, commencing on a new 
sheet. 

References must be numbered consecutively in 
the order in which they are first mentioned in the 
text, with the exception of review articles, when 
references should be arranged alphabetically. 
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References in text, tables and legends should be 
identified by arabic numbers appearirig in the text 
in square brackets. 

Use the style of references adopted by the U.S. 
National Library of Medicine and used in Index 
Medicus. The titles of journals must be given in 
full. 

The names and initials of all authors should be 
listed. 

Text references to “unpublished observations” 
or “‘personal communications” should not be 
included in the final list of references. Authors are 
responsible for verifying that the wording of 
references to unpublished work is approved by 
the persons concerned. Papers which have been 
submitted and accepted for publication should be 
included in the list, the phrase “in press” 
replacing volume and page number. Information 
from manuscripts submitted but not yet accepted 
should be cited in the text as unpublished 
observations. 

Examples of correct forms of references: 


Journals (list all authors): 


1. Brown BR jr, Gandolphi AJ. Adverse effects of volatile 
anaesthetics. British Journal of Anaesthesia 1987; 59: 
14-23. 


Chapter in a Book: 


2. Hull CJ. Opioid infusions for the management of post- 
operative pain. In: Smith G, Covino BG, eds. Acute Pain. 
London: Butterworths, 1985: 155-179. 


Monographs: 


3. Moore, DC. Regional Block, 4th edn. Springfield, Illinois : 
Charles C Thomas, 1979. 


Restrict references to those that have direct 
bearing on the work described and cite only 
references to books and articles published in 


_ Index Medicus journals. 


It is essential that authors verify the content 
and detail of references which they list against the 
original articles, as this responsibility cannot be 
accepted by either Editors or publishers. 


Tables 


All tables should be on separate sheets and be 
capable, with their captions, of interpretation 
without reference to the text. They should be 
numbered consecutively with Roman numerals. 
Units in which results are expressed should be 
given in brackets at the top of each column, and 
not repeated on each line of the table. Ditto signs 
are not used. Foomotes are not used. 


CIA software — available now 


Calculate with confidence: 


Confidence Interval Analysis (CIA) is a computer program that takes the sweat out of 
calculating confidence intervals. Devised by Martin Gardner, professor of medical 
statistics, MRC Environmental Epidemiology Unit, University of Southampton. The 
program is menu driven with easy access to each chapter and to the method required 
within each chapter. Topics covered include calculating confidence intervals for: 


means and their differences 
proportions and their differences 
regression and correlation 
non-parametric analyses 


For each method relevant intermediate statistics and the required confidence interval are 
produced on the screen. Complete with its own manual, the program may also be used in 
conjunction with the book Statistics with Confidence, which provides numerous worked 
examples. The software is available for IBM compatibles on either a 5¥/,” or a 314” disk. 


Price: £65.00. Educational establishments, research institutes, and the 
NHS — £45.95. Prices include VAT in the UK and air mail despatch abroad. 


The book Statistics with Confidence - Confidence intervals and statistical guidelines 
is available price £7.95 in the UK and £9.50 abroad (BMA members £7.45 and £9.00, 
respectively) 


ORDER FORM BRITISH MEDICAL JOURNAL, PO Box 295, London WC1H 9TE, England 


Please send me .......... copy/copies of Confidence Interval Analysis (CIA) at £65.00 (full price) or 
£45.95 (educational establishments, research institutes, and the NHS). 


Size of disk required © 5%," disk (1 3%” disk (please tick relevant box) 








Please send me .......... copy/copies of Statistics with Confidence - Confidence intervals and statistical 
guidelines at UK £7.95 and abroad £9.50 (BMA members £7.45 and £9.00 respectively) 

I enclose ................. (please make cheques payable to British Medical Journal) or debit my credit card 

O American Express O Mastercard [O Visa Card No. []T TTT TITTITITITIT III 
Card Expiry. Date ecnin aaia a Signature anini eee iene 
BMA Membership No. (where appticable) ......scscscsccssssesssessessnessetececcevcsseceaccanesavececereesessssessecsnecseaesesesseneessersasssneansevecsssessessenes 
NAME (BLOCK LETTERS PLEASE) c:.s.csccsescssencocstoateussetesasteccgetctccsccecasanondneotenusesaddeiacenseesbededeabdhaceueddebsosusasuseceastsseanceaaniunsaeiceetave 
ADDRESS fiesisssesiseibociniis abel venerated E aae aa eE a aaa eenaa ETEA apeesshcenstsncdteteeatitaasce<acsacesasst tadabecd 
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Illustrations 


Photographs should be unmounted glossy 
prints, and should be protected adequately for 
_ mailing. Surfaces should not be marred with 
clips, pins or by heavy writing on the back. 
Drawings, charts and graphs should be in black 
india ink on white paper and, if in sets, should be 
presented at a uniform magnification. Illustrations 
should be clearly numbered on the back, pref- 
erably in soft pencil, with reference to the text, 
and using Arabic numerals. They should be 
accompanied on a separate sheet by a suitable 
legend. Lettering should be professional-looking, 
uniform, preferably in a common typeface, large 
enough to read at a reduced size, and in proportion 
to the illustrated material. Lines in the original 
must also be thick enough to allow for reduction. 
Magnifications, especially in photomicrographs, 
should be indicated by a scale on the photograph 
itself, in order to remain appropriate after re- 
duction. Symbols which are to appear in the 
legend should be chosen from the following 
available types: 


e ONODI YV VAAS OkxH+H 


The name of the author and title of the paper 
should also be written in soft pencil on the back of 
the illustrations. 

It is emphasized that care taken in the original 
preparation of figures will obviate the time- 
consuming and expensive necessity of their re- 
vision. 

It should be noted that A4-size figures gen- 
erated by computer are usually unacceptable (see 
Extended Guide to Contributors—British Journal 
of Anaesthesia 1990; 64: 129-136). 


General information 


Instructions to the printer. Words to be printed 
in lower-case italics should be indicated by one 
underline. Two underlines indicate small capi- 
tals, three indicate large capitals and four, italic 
capitals. A wavy underline indicates a word to be 
printed in bold type. 

Headings in the text. Six possible grades are 
available, and may be indicated by the following 
letters of identification: 


PART 1 (capitals) 

RESULTS (small capitals) 

Blood-Gas Analysis (l.c. roman) 

The Action of Drugs (italics, centre) 

Lung function studies (italics, full out) 
Volume. Large volumes... (italics, indent) 


AHO wD 
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Symbols and Abbreviations. In accordance with 
Editorial adoption of SI Units, abbreviations and 
symbols should follow the conventions described 
in the booklet Units, Symbols and Abbreviations. A 
Guide for Biological and Medtcal Editors and 
Authors (ed. D. N. Baron) (1988), published by 
and available from The Royal Society of 
Medicine, 1 Wimpole Street, London, W1M 8AE. 
Words for which abbreviations are not included 
should be written in full at first mention in the 
summary and again in the text and followed by the 
abbreviation in brackets. This will usually be in 
the form of large capitals without separating 
points. 

Spelling, etc. British spelling should be used 
with “z” rather than “s” spelling in, e.g. 
organize, organization. 


SHORT, RAPID COMMUNICATIONS 


Authors are encouraged to submit short manu- 
scripts suitable for rapid publication. In general, 
these should conform to the requirements out- 
lined above, but with the following differences: 

Format. Summary ; Introduction (not headed); 
Methods and Results; Comment. 

Sige. Not more than: 6 references, 1 table or 
1 figure, one-and-a-half pages of printed text 
(1200 words). 


CORRESPONDENCE 


© It is proposed that a proportion of the Journal be 


devoted to correspondence each month. Every 
effort will be made to ensure that correspondence 
arising from papers in a recent issue is published 
without delay, and for this reason, relevant 
correspondence will be given priority over that 
pertaining to original research. Authors of cor- 
respondence concerning original work will receive 
proofs at the Editor’s discretion. 


PROOFS 


These should be corrected and returned to the 
technical editor within 48 hours of receipt. Overseas 
contributors should return their proofs by air- 


mail. 


REPRINTS 


Twenty-five reprints of articles will be dispatched 

to the authors after publication, Further reprints 

can be supplied if application is made on the order | 
form attached to the proofs. The order form 

should be returned with the proofs. 


STAFF ANAESTHETIST 
MERCY HOSPITAL FOR WOMEN 
MELBOURNE, AUSTRALIA 


Mercy Hospital for Women is a major Australian Public Hospital specialising in Obstetrics 
Gynaecology and Neonatology 


It has over 5,000 deliveries per annum. In recent years, the hospital has expanded the range of 
speciality and subspeciality services in Gynaecology, including Reproductive Medicine and 


Gynaecological Oncology. 


The Anaesthetics Department requires a full time staff Anaesthetist to perform various 
organisational, educational and clinical duties. A special interest in Obstetric Anaesthesia would be 
encouraged as the successful applicant will have the opportunity to develop their skills in this area 


For further information concerning the above position, please contact 
Sandra Bauer, Personnel Department on Australia 03 270 2580 


Applications should be forwarded to 
lhe Sister Administrator, Mercy Hospital for Women, 
Clarendon Street, East Melbourne, Victoria, Australia 3002 
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Intertech/Inspiron is the None and Rus 
eading manufacturer of Breathing 
and Respiratory Care Systems and R atc 3 
including From the Sprotte™ Atrau 


Spinal Needle nght through 


* Drug Nebulisers 

* Oxygen Therapy 

* Breathing System Humidifiers 
* Ventilator Circuits 

* Anaesthesia Circuits 

* Filters Tubes to Drug Nebuliser 
* Heat Moisture Exchangers 


li iron Rusch 


THE LEADING MANE IN BREATHING AND RESPIRATORY CARE SriTE rt 





Endotracheal Tubes, Breathing 
Systems, Filters & HMEs. pl 


full range of Respiratory Care 


Are you using the genuine Inspiron product? 
These two Nebulisers look similar but one is an inferior imitation and not manufactured by Inspiron. 
From 2nd September Inspiron products will only be available from Rusch. 


IT'S NOT INSPIRON... IF IT'S NOT FROM RUSCH. 


M RUSCH UK LTD. 
f NE: 0800 581 121 + 





INSPIRON AND INTERTECH PROI 
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MAGILL LECTURE AND SYMPOSIUM 
NEUROMUSCULAR TRANSMISSION AND BLOCKING AGENTS 


London December 12, 1991 


This year’s Lecture, to be held at Charing Cross & Westminster Medical School, 
Horseferry Road, London, SW1, is entitled “Does it matter which Relaxant?” and 
will be given by Professor R. D. Miller. 
The Symposium speakers include: 

Professor W. C. Bowman: ‘‘Prejunctional block” 

Professor D. Colquhoun: ‘‘Channel block” 


Professor S. Feldman: “Postjunctional block” 
Dr N. Fauvel: “Phase II block” 
Professor S. Agoston: “ Amino steroids” 
Professor J. J. Savarese: “ Benzoisoquinoliums ” 


A place may be reserved on this course by application to the Secretary, Magill 
Department of Anaesthesia, Westminster Hospital, Page Street Wing, London 
SWIP 2AP or by telephone 081 746 8025 or Fax No. 081 746 8801. ; 


Entry is without charge. 











Presenting the World’s Most Powerful, 
Integrated Anaesthesia Workstation 
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SOCIETY OF CARDIOVASCULAR ANESTHESIOLOGISTS 
4TH INTERNATIONAL SYMPOSIUM 
ANESTHESIA FOR CARDIAC PATIENTS 


Acapulco January 22-26, 1992 


For information: Society of Cardiovascular Anesthesiologists, 
P.O. Box 11086, 
Richmond, 
VA 23230-1086, U.S.A. 
Tel.: (804) 282-0084 
Fax. : (804) 282-0092 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
66TH CONGRESS 


San Francisco March 13-17, 1992 


For information: Executive Director 
International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, Ohio 44131, U.S.A. 
Tel.: (216) 642-1124 


BRITISH JOURNAL OF 
OBSTETRICS AND GYNAECOLOGY 


Published on behalf of the Royal College of Obstetricians and Gynaecologists 


Editor D.B. Paintin, London 


The British Journal of Obstetrics | 

and Gynaecology has been pub- | 
lished since 1902 whenitbeganas 4 

the Journal of Obstetrics and Gynae- \ 
cology of the British Empire. Regarded 
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EDITORIAL I 


SILENT MYOCARDIAL ISCHAEMIA IN PREOPERATIVE PATIENTS: 
WHAT DOES IT MEAN, AND WHAT SHOULD BE DONE ABOUT IT? 


The very first issue of the Lancet described a man 
who died suddenly during ligation of a femoral 
artery aneurysm (under an oral brandy anaes- 
thetic). Why do patients die from ischaemic heart 
disease during and after surgery? Sudden 
arrhythmic cardiac death is a common “out of 
hospital” form of death in patients with coronary 
artery disease, but skilful anaesthesia and cardiac 
monitoring have made it an uncommon event 
perioperatively. Coronary thrombosis is still .a 
problem: we now know from angiographic studies 
following thrombolysis and from experience dur- 
ing angioplasty that an atheromatous plaque 
which previously caused no significant coronary 
obstruction (and thus no symptoms) may crack 
and precipitate occlusive thrombosis over a time 
course of a few hours. The third type of 
perioperative collapse occurs in patients with 
severe three-vessel coronary disease or left 
mainstem obstruction who are subjected to tran- 
sient hypotension or hypoxaemia: there is a 
sudden reduction in cardiac output causing 
further hypotension, increased ischaemia, and a 
“vicious circle? which can be difficult or im- 
possible to break. The main objectives of 
preoperative cardiac assessment are to identify 
patients at high risk of perioperative infarction, 
and to identify patients who already have such 
extensive coronary disease that their ability to 
cope with circulatory instability is limited. 

The Oxford group [1] have detected silent 
myocardial ischaemia by preoperative continuous 
ECG monitoring in 7.2% of a male “general 
surgical” population and 18.6% of male patients 
about to undergo vascular surgery. This has to be 
set in the context of previous population studies 
which have shown high prevalences of some 
manifestation of coronary artery disease in a 
substantial number of randomly selected middle 
aged to elderly males. Rose, using a carefully 
validated questionnaire, found evidence of anginal 


symptoms in approximately 4% of middle aged 
males [2]. Shaper and colleagues [3] found resting 
ECG criteria of definite or possible ischaemic 
heart disease in 15 % of a group of 7735 men aged 
between 40 and 59 yr identified at random from 
general practice records. The mechanism of silent 
myocardial ischaemia in ambulant outpatients 
seems to be identical to that of “painful” 
ischaemia, or angina: the temporary inadequacy 
of mycardial blood supply as a consequence of a 
fixed stenosis in a coronary artery. Overt and 
“silent” ischaemia commonly coexist, and are 
suppressed in parallel by agents such as beta- 
adrenoceptor antagonists [4]. In patients with 
known ischaemic heart disease, the presence of 
silent ischaemia is an independent predictor of the 
risk of death or infarction [5], but the prognostic 
significance of silent ischaemia in unselected 
outpatients is not yet known, and is likely to be 
less. Both the mechanism and significance of 
silent ischaemia in the context of recent unstable 
angina, angioplasty or thrombolytic treatment for 
coronary thrombosis are different: here the likely 
cause is an unstable thrombus overlying cracked 
or denuded endothelium, and silent ischaemia is a 
good marker for subsequent coronary occlusion 
[6]. 

Until we know more about the prognostic 
significance of silent ischaemia in asymptomatic 
patients with good exercise tolerance it would be 
premature to use continuous ECG monitoring as 
a preoperative screening test for non-vascular 
patients, other than in the context of a prospective, 
randomized trial. Such a trial would need to be 
very large, because the expected number of 
endpoints would be small; moreover, the problem 
of false positive ST changes becomes important in 
a low risk population [7]. 

The situation is different in patients with 
peripheral vascular disease, in that angiographic 
studies have shown a prevalence of coronary 
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artery disease in these patients which approaches 
100%, and the peri- and postoperative cardio- 
vascular morbidity rates are much greater. The 
question is not if coronary artery disease exists, 
but whether it is severe enough to make surgery 
inadvisable, or to alter anaesthetic practice. 
Patients with peripheral vascular disease are also 
likely to have their mobility handicapped to an 
extent which makes assessment of angina by 
exercise testing impracticable. In this group, 
continuous ECG monitoring and assessment of 
left ventricular function by radioisotope 
ventriculography (not echocardiography, which 
can be unreliable in patients with localized 
ventricular dysfunction) can be very useful 
components of preoperative assessment. Patients 
with frequent or severe episodes of ischaemia, or 
in whom ischaemia is impossible to assess because 
of pre-existing ECG changes, can be assessed 
further by dipyridamole/thallium scanning, cor- 
onary angiography (using a brachial approach if 
the iliac vessels are compromised), or both. Which 
particular assessment technique is chosen will 
depend on local resources; the important point is 
that there should be a well-planned and 
standardized cardiac assessment routine. The 
tempo of investigation will obviously vary with 
the urgency of the case. 

Final decisions require close collaboration be- 
tween anaesthetist, surgeon and cardiologist. 
Patients with severe stenosis of the left main 
coronary artery, or with severe proximal three- 
vessel disease, should be considered in the first 
instance for coronary bypass grafting [8]. We 
are currently performing palliative coronary 
angioplasty for some patients with severe proxi- 
mal coronary stenosis, but its safety and efficacy 
have yet to be evaluated fully. In theory at least, 
the disrupted endothelium produced by 
angioplasty could act as a focus for postoperative 
thrombosis. Increased plasma concentrations of 
fibrinogen have been shown to be a marker for 
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thrombosis risk, and postoperative anticoagulation 
may be appropriate [9]. Patients with diffuse 
coronary disease or well established coronary 
collateral circulations often do well without 
cardiological interference. Cardiac disease is the 


‘commonest cause of death in patients with 


vascular disease, and heroic vascular surgery in 
patients with severe and irremediable cardiac 
problems may not be appropriate. 


D. P. de Bono and E. L. Rose 
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EDITORIAL II 


DRUG BIOTRANSFORMATION BY THE KIDNEY: HOW IMPORTANT IS IT, AND HOW MUCH DO WE 
REALLY KNOW? 


For most i.v. agents, the liver plays the pivotal 
role in drug elimination—conversion of lipophilic 
active drugs to hydrophilic, polar inactive metab- 
olites that may be eliminated via the kidney. 

Most studies investigating the handling of 
drugs by the body are based on discrete plasma 
drug sampling regimens to provide a concen- 
tration-time profile, from which the researcher 
may determine systemic clearance either from the 
derivation of a polyexponential equation de- 
scribing the concentration-time relationship, or 
by use of statistical moment analysis (based on 
calculation of the “‘area under the curve” (AUC) 
and its first moment (AUMC). 

Both of these approaches have advantages and 
difficulties. One problem is delineation of the site 
of drug clearance. Studies depend usually upon 
peripheral blood sampling (ideally arterial, 
although often venous), and so ignore any influ- 
ence that the lung might have as an organ of drug 

-extraction, metabolism, or both. The latter func- 
tion has been reviewed recently in this journal by 
Bakhle [1], while sequestration (and later release 
of drug back into the systemic circulation) has 
been observed for drugs such as fentanyl, alfen- 
tanil and pethidine [2-4], although not for 
morphine [2, 5]. 

If we ignore the lung (or ascertain that it plays 
little role in drug clearance), the anaesthetist may 
assume he can equate systemic drug clearance 
with hepatic clearance. However, the enzymes 
responsible for drug metabolism (by both the 
microsomal mixed function oxygenase (MFO) 
and UDPG transferase pathways, and the extra- 
microsomal pathways of acetylation, methylation 
and sulphate and mercapturic acid conjugation) 
exist in many other tissues of the body [6, 7], 
including gastrointestinal epithelial cells, vascular 
epithelial cells, brain and kidney. If we express 
hepatic MFO activity as 100 %, the activity in the 
lung is approximately 2%, but that in the kidney 
is 10-20%. If drug metabolism occurs in sites in 
addition to the liver, we may find situations where 
clearance rates in excess of liver blood flow might 
occur [8, 9]. 

It is important to remember, however, that 


the main causes of high clearance rates are poor 
sampling regimens (too short to delineate ad- 
equately the terminal half-life), limited assay 
sensitivity (leading to underestimates of half-life 
and the accompanying overestimate of clearance), 
or poor data handling. 

Another method of investigating the contri- 
butions of different drug metabolic sites has been 
the application of flux experiments: determining 
organ blood flow and inflow-—outflow concen- 
tration gradient, and hence calculating the amount 
of drug cleared by the organ per unit time [10]. 

Most of the enzymes needed for MFO-medi- 
ated drug metabolism and the UDPG transferase 
are present in the renal cortex and are present in 
greatest activities in the S, and S, cells of the 
proximal tubules. Many estimates of renal enzyme 
activity have been made using renal homogenates 
or slices, and hence the overall determination of 
activity may underestimate that in the S, and S, 
cells. Several studies have reported the activities 
of enzymes (such as N-acetyl transferase using 
para-aminobenzoic acid as the substrate) to have 
kidney: liver ratios of > 0.94 in the mouse and 
> 1.0 in rabbit and guineapig [11]. Among those 
drugs of interest to the anaesthetist, which 
undergo in vitro metabolism in the renal 
parenchyma, are paracetamol, sulindac, para- 
aminobenzoic acid, salicylates, morphine, pethi- 
dine and isoproterenol [12-17]. 

What of morphine and the opioids in vivo? 
Analysis of urinary morphine concentrations after 
parenteral administration has revealed that only 
1-2% of drug is eliminated unchanged [18, 19]. 
The main metabolites are morphine-3- and 6- 
glucuronides, and normorphine, with smaller 
amounts of the diglucuronide and 3-ethereal 
sulphate, and normorphine-6-glucuronide. From 
our data following i.v. administration of morphine 
to anaesthetized patients [20] and other data from 
man [21, 22], the biotransformation of morphine 
to the 3-glucuronide is greater than to the 6- 
glucuronide (unless there is preferential excretion 
of the latter by the kidneys). The ratios of 
AUC, 24, (M3G:M6G) are in the range 5-10: 1. 

In an elaborate set of experiments aimed at 
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defining the contribution of different organs to the 
clearance of morphine, Sloan and colleagues [23] 
have turned to their well-established model of the 
chronically cannulated Merino sheep (although 
reservations must be held concerning the total 
extrapolation of the data to the human subject!). 
To determine systemic clearance of morphine, 
they have used the relationship between input rate 
and pulmonary artery morphine concentration at 
steady state. Renal clearance was determined as 
the product of renal blood flow (measured using 
PAH) and the renal arterial-venous difference. 
Systemic clearance rates for morphine vary con- 
siderably between studies in man, dogs and goats 
[24-28]. As noted by Sloan and colleagues, some 
of the estimates clearly exceed what is normally 
equated with hepatic blood flow. 

In. the present studies by Sloan and co-workers 
[23], the estimated renal clearance exceeded the 
amount of drug found in the urine; and the 
authors correctly surmised that loss of drug (i.e. 
metabolism) must have occurred in the renal 
parenchyma. The mean value of 35% for renal 
metabolism in this study compares well with the 
results from Jacqz and colleagues [29] in the dog, 
and the recent data from Mazoit and colleagues 
[19], who found a 33% non-urinary, non-hepatic 
metabolism of morphine in man. Thus renal 
metabolism appears to make a significant con- 
tribution to total biotransformation of morphine, 
and as such offers a possible explanation for the 
absence of any reduction in systemic clearance of 
morphine in patients with cirrhosis [30-32], and 
the extrahepatic metabolism of the opioid during 
the anhepatic phase of patients undergoing ortho- 
topic liver transplantation [33]. 

Based on the data of Schali and Roch-Ramel 
[13], the apparent K,, for metabolism of morphine 
by the kidney is about 700 nmol litre! ; increased 
rates for morphine metabolism therefore may be 
achieved by the kidney within the therapeutic 
concentration ranges if liver metabolism is im- 
paired. 

What of the synthetic opioids used commonly 
during anaesthesia? Studies examining the dis- 
position of fentanyl, alfentanil and sufentanil show 
no significant decreases in systemic clearance in 
patients with advanced renal disease treated by 
dialysis [34—42]. The main metabolic pathways in 
man are N-dealkylation, O-demethylation and 
aromatic hydroxylation, with the renal excretion 
of less than 4-6% of fentanyl, 5-10% of 
sufentanil and < 1% of alfentanil [43-47]. 
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There are few studies comparable to the pre- 
sent one on regional clearance fluxes, although 
Schedewie and colleagues [48] have measured - 
directly the hepatic clearance of sufentanil in 
anaesthetized subjects. Further studies are in- 
dicated, especially in the light of the wide 
variability in clearance estimates for all three 
drugs in healthy subjects. Clearance estimates 
based on regional blood flows and organ extraction 
ratios may allow the anaesthetist to answer several 
questions: what are the metabolic contributions of 
the various body organs, and what are the likely 
influences of drug therapy or disease states on 
systemic opioid handling? 

It should be self evident that direct extra- 
polation from animal data to man may be 
confusing. There is much evidence that renal 
failure is associated with impaired drug metab- 
olism in animal models, while the possibility of 
the contrary enhancement of hepatic drug metab- 
olism has been suggested in man [49]. 

J.W. Sear 
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PREOPERATIVE SILENT MYOCARDIAL ISCHAEMIA: 
INCIDENCE AND PREDICTORS IN A GENERAL SURGICAL 


POPULATION 


A. D. MUIR, M. K. REEDER, P. FOEX, O. J. M. ORMEROD, J. W. SEAR 


AND C. JOHNSTON 


SUMMARY 


We have studied before operation 156 patients 
aged more than 40 yr presenting for elective 
vascular or non-vascular surgery, using am- 
bulatory ECG monitoring to detect silent myo- 
cardial ischaemia (SMI). The prevalence of SMI 
was 18.2% in the vascular group {n = 102) and 
7.6% in the non-vascular group (n = 54). A 
history of ischaemic heart disease, or an ab- 
normal ECG suggestive of a previous myocardial 
infarction, predicted a high risk of SMI (28% 
compared with 9% in the absence of these 
variables). However, a significant amount of SMI 
(36% of the total) occurred in patients without 
one of the defined risk factors. In addition, 24 of 
the patients with abdominal aortic disease under- 
went cardiac gated blood pool (MUGA) scans. 
Abnormal ventricular wall function was observed 
in 62.5 % of the patients. Twenty-nine percent of 
the patients studied with MUGA scans had SMI 
and 21% had ejection fractions < 40%. A 
significant association (P < 0.05) existed be- 
tween the presence of SMI and a ventricular 
ejection fraction of < 40%. 


KEY WORDS 


Heart: silent myocardial ischaemia. Measurement tech- 
niques: MUGA scan. Surgery: preoperative period. 


Patients presenting for peripheral vascular sur- 
gery are at increased risk of postoperative cardiac 
complications compared with the general surgical 
population [1], as a result of an increased 
incidence of coronary heart disease [2]. Pre- 
operative assessment of cardiac risk is based on a 
history of cardiac limitation which may be masked 
by vascular symptoms. Thus vascular surgery 
patients failing to give a history of exertional 


angina or dyspnoea may have severe, clinically 
unrecognizable ischaemic heart disease (THD). 
Conventional exercise tests may be unhelpful as 
these patients may fail to achieve levels of exertion 
needed to produce adequate cardiovascular stress. 

Ambulatory ECG monitoring is a reliable 
method of detecting ST segment depression 
reflecting myocardial ischaemia [3, 4]. Much of 
the ischaemia has been found to be “silent”, 
occurring often at normal heart rates [5]. This 
suggests that the predominant mechanism is 
decreased myocardial oxygen supply rather than 
increased oxygen demand [6], although the exact 
aetiology of silent ischaemia is at present un- 
certain. 

Fox [7] noted, in patients with known IHD, 
that silent ischaemic episodes were twice as 
common as those accompanied by pain, and had 
identical accompanying pathophysiological 
changes. Others have found that persistent ST- 
segment abnormalities after ischaemic pain was 
eliminated were independent predictors of cardiac 
morbidity and mortality [8, 9]. Furthermore, the 
prognosis of patients with JHD correlates with 
the total amount of ischaemia as opposed to the 
amount of symptomatic ischaemia [4, 8, 10]. 

In view of the recent interest in preoperative 
silent ischaemia [9, 11], the aim of our study was 
to determine the prevalence of silent myocardial 
ischaemia (SMI) in vascular and non-vascular 
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surgical populations, using ambulatory ECG 
monitoring and to identify patient characteristics 
that might predispose towards SMI. 


PATIENTS AND METHODS 


One hundred and fifty-six consecutive patients 
older than 40 yr gave informed verbal consent to 
the study. Patients were excluded if they had 
ECG abnormalities precluding interpretation of 
the ST segment, namely: left bundle branch 
block; left ventricular hypertrophy with strain 
pattern; marked ST/T wave changes associated 
with digoxin therapy; signal-to-noise ratio pre- 
venting meaningful interpretation. 


TABLE I. Variables entered into the stepwise logistic regression 
analysis and criteria for a positive value 
- Variable 


Type Characteristics 


Logical 


Ischaemic heart 
disease 


Presence of either angina 
(exertional chest pain or 
pain radiating in a cardiac 
distribution, relieved by 
rest) or past MI. 

ECG evidence suggesting 
presence of a past MI not 
predicted from patient’s 
history. 

Currently treated 
hypertension or persistent 
diastolic AP > 100 mm 
Hg after admission. 

Symptoms of occlusive 
vascular disease (i.e. 
history of claudication). 

Number of decades. 

Number of times 10% 
greater than ideal body 
weight. 

Is patient > 20% greater 
than ideal body weight? 

MI at age less than 60 yr. 
History in an immediate 
family member. 

Presence/absence of 
diabetes mellitus. 

Smoking more/less than 20 
pack-day years. (One 
pack-day year equals one 
pack per day for 1 year, or 
equivalent.) 

Presence/absence SMI. 


ECG Logical 


Hypertension Logical 


Occlusion Logical 


Integer 
Integer 


Age 
Weight group 


Obesity Logical 


Positive family Logical 


Diabetes Logical 


Smoking Logical 
Logical 


Logical 


Silent myocardial 
ischaemia 

Presence/absence of more 
than one ventricular 
ectopic beat min`! 
throughout the whole 
study. 
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Patients agreeing to participate had detailed 
cardiac histories taken and were examined by one 
of the investigators. Cardiac risk factors, past 
medical history, clinical examination and basic 
laboratory investigations were recorded, as were 
the presence or absence of 10 variables (less ECG 
evidence of SMI or arrhythmias) (table I). Solid 
state ambulatory ECG monitors (Medilog 6000 
FD or Kontron micro FD) were attached to the 
patient on the day before operation and removed 
the following morning, before induction of anaes- 
thesia. Electrodes were placed to record an 
inferior lead (lead 2) and a lateral chest lead (V5). 
A purpose-designed computer with inbuilt ECG 
interpretation software was used to analyse the 
recordings. Any reported ST segment changes 
were checked by a human observer. During the 
study period, patients were ambulatory in the 
hospital ward and underwent routine preoperative 
assessment. 

An ST segment depression was considered 
significant if a planar or downsloping ST segment 
depression equal to or greater than 1 mm persist- 
ing 80 ms after the J point and lasting for more 
than 1] min was present. Each episode was 
terminated by a return to baseline > 1 min. 

A subset of 24 patients presenting for aortic 
reconstructive surgery was studied before op- 
eration with a cardiac gated blood pool scan 
(equilibrium radionuclide ventriculography or 
MUGA scan). Left ventricular function was 
assessed by ejection fraction and regional wall 
motion by single harmonic Fourier phase and 
amplitude images. Views were obtained at rest 
and during exercise. 


Statistical analysis 


The association between preoperative variables 
and the presence or absence of SMI was de- 
termined using stepwise logistic regression (Glim 
programme, Numerical Algorithms Group Ltd, 
Oxford). Within the different surgical subgroups, 
comparison of the incidence of SMI was made 
using chi-square test with Yates’ correction. 

Data are shown as mean (SD). 


RESULTS 


We studied 156 patients, 102 from vascular and 54 
from non-vascular surgical wards, for a mean 
duration of 16.7 h (range 8-24 h). Thirty patients 
had a previous proven myocardial infarction (MI). 
Twenty-one patients were suffering from angina 
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Taste II. Age (mean (range)) and prevalence of SMI in the 


two patient study groups 
Vascular Non-vascular Statistical 
(n = 102) (n = 54) significance 
Age (yr) 65.2 (46-83) 59.8 (40-79) P<0.01 
SMI 
Present 19 (18.6%) 6 (11.1%) y2=2.16 
83 (81.4%) 48 (88.9%) P>0.05 


Absent 


and 56 patients had treated hypertension or a 
diastolic pressure > 100 mm Hg on at least three 
separate recordings after admission. Forty 
patients were receiving drug therapy for treatment 
of angina, hypertension or both (21 B-blockers; 15 
calcium channel blockers; four both drugs). No 
patient commenced therapy after admission. 


Occurrence of SMI and relationship to risk 
factors 


Patient ages and the prevalence of SMI in the 
two groups are shown in table II. 

Stepwise logistic regression of the 11 dependent 

variables indicated that the only variables con- 
tributing significantly to a model describing the 
prevalence of SMI were pre-existing IHD or 
abnormal preoperative ECG suggesting a pre- 
vious MI not predicted from the patient’s history. 
The combination of both selected variables oc- 
curred in only five patients, three of whom had 
SMI. This gives cell sizes of 3 and 2 for people 
positive for both predictors. Because of the small 
size of these patient groups, and therefore of the 
potential errors when incorporating them into a 
_ derived logistic model, we combined the two 
variables as a single factor (6 in the equation 
below). 
The probability for the absence of SMI is given 
by: 
: e@71-6218+00.6808 
$ (absence of SMI) = [pent 0818+60.0608 
where p = probability of no SMI; b = a history of 
THD or abnormal ECG (as defined in table I); 
e = natural logarithm. 

As there was no difference in the prevalence of 
SMI between patients undergoing vascular and 
non-vascular surgery (chi-square test), we sub- 
. jected the whole study population to the model 
and determined the predicted prevalences of SMI 
in the patient subgroups (table III). 
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TABLE III. Predicted and observed prevalences of SMI in 


patient subgroups 
ECG normal ECG abnormal 
no THD or IHD 
Predicted incidence 9.09 28.07 
of SMI (%) 
SE of predicted 2.89 5.95 
probability (%) 
Observed number 9 16 
with SMI 
Observed number 90 41 
without SMI 


The observed prevalence of SMI approximated 
closely to those predicted. Twenty-five of 156 
patients were positive for SMI; nine of these 
(36%) were outside the high risk group as 
identified by the stepwise regression analysis. 
Medication with adrenoceptor blockers or with 
calcium channel blockers did not affect the 
occurrence of SMI (chi-square test, P > 0.05). 


Relationship of SMI to myocardial function 


MUGA revealed myocardial abnormalities in 
62.5% of the patients. Five of the 24 patients 
(20.8%) had a ventricular ejection fraction 
< 40%. The overall incidence of SMI was 29.2 % 
(n=7) with 57% of these patients (n = 4) 
having ejection fractions < 40%. There was a sig- 
nificant association between an ejection fraction 
<40% and SMI (P < 0.05). Eighty percent of 
the patients with a reduced ejection fraction had 
evidence of SMI, compared with only 16 % in the 
patients with ejection fractions > 40%. There 
was no significant association between a past 
history of MI and ejection fraction < 40%. 


DISCUSSION 


Our study has indicated that silent myocardial 
ischaemia was a relatively common preoperative 
event in both vascular and non-vascular surgical 
patients aged more than 40 yr. The overall 
incidence (15%) is in general agreement with 
those reported elsewhere in similar patient popula- 
tions [9, 10, 12-21]. 

The inability to demonstrate a significant 
difference in the prevalence of SMI between 
patients undergoing vascular and non-vascular 
surgery is probably a reflection of the sample size 
and the heterogeneous nature of the-populations. 
The non-vascular sample included*patients :With 


yoan 
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substantial degrees of occlusive arterial disease, 
admitted for non-vascular surgical procedures. 

The only useful predictors of SMI are those 
direct indicators of the presence of current or past 
IHD; none of the other selected cardiovascular 
risk factors, such as positive family history, 
peripheral vascular occlusive symptoms and male 
sex, had any direct influence. Any effect these 
variables were having on the model was exerted 
via their status as risk factors for IHD. The 
results are in accord with those of Raby [9] that 
indices of past or present myocardial disease are 
the most significant. 

Whilst the presence of proven IHD predicts a 
high risk of SMI (28%), 36% of the total SMI 
observed was in patients without evidence of 
IHD. Thus, if it were considered clinically 
important to detect SMI, all patients should be 
studied. 

As in other studies [12], we have demonstrated 
a strong association between impaired left ven- 
tricular function and SMI. Patients with poor 
ventricular function are at risk from myocardial 
ischaemia which may further depress function, 
increasing the risk of postoperative cardiac com- 
plications. A clinical history of angina or previous 
MI failed to predict significantly the likelihood of 
a poor ejection fraction, as not all episodes of MI 
cause significant reduction in myocardial func- 
tion, and some remain clinically silent or un- 
diagnosed. Objective assessment of left ventricu- 
lar function may be valuable in patients before 
major surgery [11, 22, 23]. 

A large, prospective study has demonstrated a 
high frequency of SMI in vascular surgical 
patients before operation and found that post- 
operative cardiac morbidity was confined almost 
exclusively to those with preoperative SMI [9]. A 
24-h ambulatory ECG study free of SMI may 
thus indicate that the patient is at low risk of 
postoperative cardiac complications. In view of 
the relationship between SMI and poor ejection 
fraction, detection of SMI before operation 
should, in the authors’ view, lead to investigation 
of cardiovascular function including either an 
echocardiogram or a radionuclide study. 

As episodic ST depression may be missed on a 
single 24-h recording, a negative study must be 
interpreted with caution and its value as an 
acceptable preoperative screening test remains 
unclear. It should not replace the present methods 
of assessing cardiovascular risk, such as echo- 
cardiography or radionuclide imaging. 
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ST segment depression may occur in normal 
healthy individuals [24], unrelated to myocardial 
ischaemia. Fox [7] stated that, in volunteers, they - 
occur with tachycardia and are rarely greater than 
2mm. The majority occur at night and are 
thought to be positional. It is possible that some 
of the reported prevalence of ST segment depres- 
sion (and, by inference, SMI) is unrelated to 
the presence of myocardial ischaemia. The exact 
criteria for a significant ST segment change are 
unclear, but there is good evidence that the 
criteria used in this paper reflect myocardial 
ischaemia [3, 4, 25-28]. 
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PHYSIOLOGICAL DISPOSITION OF I.V. MORPHINE IN 


SHEEP} 
P. 
R. 


SUMMARY 


In a crossover design study we have measured 
the total body and regional clearances of mor- 
phine. Thirteen experiments were performed in 
four conscious sheep that had been prepared 
previously with appropriate intravascular 
cannulae. Morphine (as sulphate pentahydrate) 
was infused i.v. at 2.5, 5, 10 and 20 mg h to 
produce constant blood concentrations. Mor- 
phine (base) concentrations were measured in 
blood, urine and tissues with a specific HPLC 
method. The mean (SEM) total body clearance of 
morphine was 1.63 (0.21) litre min-'; this 
comprised 1.01 (0.10) litre min” clearance by 
the liver and 0.55 (0.06) litre min by the 
kidneys. There was no evidence of dose-de- 
pendent clearance or significant extraction of 
morphine by the lungs, brain, heart, gut or 
hindquarters at any dose. The kidney clearance 
of morphine was greater than the 0.21 (0.06) 
litre min! renal clearance determined from the 
product of the mean total body clearance and 
the 12.3 (2.4)% of the administered dose re- 
covered as unmetabolized morphine from 48 h 
urine collection (P < 0.05). It was concluded 
that the liver and kidneys account for the majority 
of morphine clearance, and that the kidneys both 
excrete and metabolize morphine. 


KEY WORDS 


Analgesics: morphine. Kidney, drug metabolism: morphine. 
Liver, drug metabolism: morphine. Pharmacokinetics: mor- 
phine, regional clearance. 


The physiological disposition of morphine is 
poorly understood, despite its long history and 
widespread clinical use. As little morphine is 
excreted unmetabolized into urine (approximately 
- 10% of the dose [1]) it has been taught that the 
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liver is the primary organ for elimination of 
morphine from the body. Biotransformation of 
morphine by conjugation with glucuronic acid, 
producing morphine-3-glucuronide (M3G) and 
morphine-6-glucuronide (M6G), is known to 
comprise the principal metabolic pathway before 
excretion of these metabolites into urine [2]. 
However, over the past 6 years, the role of the 
kidney in morphine clearance has been the subject 
of much contention. The early report of a 
decreased rate of morphine elimination in renal 
transplant patients that drew attention to this 
association [3] is now considered inaccurate 
because of unintentional simultaneous measure- 
ment in plasma of both morphine and M6G [4]. 
Nevertheless, there is indirect evidence of 
extrahepatic clearance of morphine. In some 
human pharmacokinetic studies, it has been found 
that morphine total body clearance may approach 
or even exceed the putative liver blood flow [5-8]. 
This is supported by observation of the similarity 
in morphine clearances in healthy subjects and in 
patients with hepatic cirrhosis [9]. Moreover, it is 
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known that human kidney microsomes [10] are 
capable of metabolizing morphine to M3G and 
M6G, although the relevance of this finding to the 
disposition of morphine im vivo is not clear. 

In most reports to date, the pharmacokinetics of 
morphine have been determined from peripheral 
or central venous plasma concentrations. This 
method of pharmacokinetic analysis, however, 
does not permit simultaneous investigation of the 
involvement of individual body regions. To 
examine the involvement of individual regions in 
the clearance of morphine, we carried out 
experiments in sheep with multiple intravascular 
cannulae so that the systemic and regional 
clearances could be determined simultaneously. 


MATERIALS AND METHODS 


Experimental design 


Approval was given by the institutional Ethics 
Review Committee for this study to be performed 
in sheep prepared previously with chronic 
intravascular catheters to enable drug infusion, 
cardiovascular monitoring and regional blood 
sampling for blood flow indicator and morphine 
analyses. From these data, the systemic and 
regional clearances of morphine were measured. 
Adult merino ewes of mean (sD) weight 48 (8) kg 
were studied, 


Animal preparation 


The general methods and materials used for 
animal preparation have been described in detail 
in previous publications from this laboratory 
{11, 12]; the methods specific to the present study 
are described here briefly. Under general an- 
aesthesia, a left-sided thoracotomy was performed 
to ligate the hemi-azygos vein which, in the sheep, 
contributes systemic venous blood to the coronary 
sinus. Intra-abdominal catheters were placed 
directly into the abdominal aorta (distal to the 
renal artery and proximal to the iliac bifurcation), 
mesenteric and portal veins via, respectively, left 
paravertebral and right subcostal skin incisions. 
After surgical exposure of the vessels in the neck, 
two arterial catheters were placed in the right 
carotid artery with their tips positioned 
approximately 2cm above the aortic valve. 
Catheters were placed in the right jugular vein 
with their tips in the coronary sinus, left renal 
vein, posterior vena cava, right hepatic vein and 
right atrium (two catheters), and a flow directed 
thermodilution catheter was placed with its tip in 
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the pulmonary artery. An additional catheter was 
placed in the sagittal sinus via a frontal incision 
and a trephine hole in the parietal bone. At least 
1 week was allowed for the sheep to recover 
from surgery before the first experiment was 
performed. 


Blood flow measurements 


Cardiac output was measured using the pul- 
monary artery thermodilution catheter after in- 
jection of ice cold 0.9% saline 10 ml into a right 
atrial catheter. Gut and hindquarter blood flows 
were measured by indicator dilution using in- 
fusion into the mesenteric vein and abdominal 
aorta, respectively, of the indicators sodium para- 
aminohippurate (PAH) and sodium bromo- 
sulphophthalein (BSP) [12]. Liver and kidney 
blood flows were measured at times similar to 
those for gut and hindquarter blood flow 
determinations by the Fick method using, re- 
spectively, BSP and PAH. Steady state blood 
concentrations of the indicators were achieved 
with two-stage infusions using a constant rate 
infusion pump with individually calibrated glass 
syringes: a 15-min loading dose of BSP 
32 mg min and PAH 8 mg min`! was followed 
by maintenance infusions of BSP 16 mg min“ 
and PAH 4mgmin™. After 45min of main- 
tenance infusions, simultaneous ascending aortic 
and appropriate regional venous blood sample 
sets (0.4 ml) were obtained at 15-min intervals for 
a further 60 min. Gut and hindquarter blood 
flows were calculated from the quotients, re- 
spectively, of the PAH and BSP maintenance dose 
rates and the appropriate venous-arterial con- 
centration difference. Liver and kidney blood 
flows were calculated from the quotients, re- 
spectively, of the BSP and PAH maintenance dose 
rates and the appropriate arterial-regional venous 
concentration differences [12]. 


Morphine administration and sample collection 


Two-stage infusions of morphine were made 
into a right atrial catheter: loading infusions of 8 
times the maintenance rate were made over 15 min 
and maintenance doses of morphine (as sulphate 
pentahydrate) 2.5, 5, 10 and 20mgh! were 
infused for 345 min. This regimen was deter- 
mined from computer simulation from prelim- 
inary data obtained by right atrial infusion of 
morphine 10 mg/10 min in one animal. Trad- 
itional three-compartment open model analysis 
of the resultant arterial blood morphine concen- 
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tration—time data collected for 4h indicated a 
mean total body clearance of 2.16 litre min“, 
a steady state volume of distribution of 86 litre 
and a slow half-life of 82min. Four experi- 
ments, performed in random order at least 3 days 
apart at each of the four morphine infusion rates, 
were planned in each of four animals to assess the 
potential dose-dependence of total body and 
regional clearances of morphine but three ex- 
periments were not completed because of catheter 
failure. 

The last 60 min of the morphine maintenance 
infusion was regarded as the “‘steady state” 
period. During this period, five sets of 1.0-ml 
blood samples were obtained simultaneously at 
15-min intervals from the aortic, pulmonary 
artery, sagittal sinus, coronary sinus, hepatic, 
portal, renal and posterior vena cava catl.eters for 
measurement of blood concentrations of mor- 
phine, together with cardiac output and liver, 
kidney, gut and hindquarter blood flows by 
methods described above. Urine was collected 
from the start of morphine infusion by indwelling 
catheter from 0-6 h and from 6-24 and 24-48h 
by free flow for measurement of morphine 
concentrations in eight experiments. In pilot 
studies, it had been shown that hydrolysis of 
morphine conjugates did not occur under the 
conditions of collection and storage. 


Terminal experiments 


The last experiment at each dose rate was a 
terminal experiment for the measurement of 
morphine tissue: blood partition coefficients. After 
completion of the blood sampling period, the 
animal was killed immediately with a bolus of 
saturated potassium chloride solution 30 ml, at 
which time the morphine infusion was stopped. 
Tissue samples were obtained within 10 min from 
the whole brain, lung, left ventricle, liver, small 
bowel, kidney, hindquarter muscle and fat for 
morphine analysis. 


Morphine concentration analysts 


Blood, urine and tissue samples were stored at 
—20°C until batch assay to measure morphine 
concentrations (as base) by normal phase high 
performance liquid chromatography (HPLC) 
after solvent extraction [13]. The method, which 
is selective for morphine, involves internal 
standardization with hydromorphone, selective 
pH extraction and elution followed by optimized 
electrochemical detection to provide high sen- 
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sitivity (to 0.5 ng ml"), linearity (r? > 0.998 from 
5 to 500 ng ml“) and reproducibility (coefficients 
of variation, respectively, 2.4 and 2.7% for 20 and 
200 ng ml1, n = 15 each). 


Data analysts 


The total body clearance (Cf) of morphine was 
obtained from the ratio of the maintenance 
infusion rate to the mean pulmonary artery blood 
concentration of morphine during the steady state 
period. Pulmonary arterial, rather than aortic, 
blood morphine concentrations were used in the 
calculation of Cl, as only this calculation remains 
correct should there be Jung clearance. However, 
upon retrospective analysis, there was no sys- 
tematic difference when CI was calculated from 
aortic blood concentration of morphine (P > 0.05, 
Student’s ż test for paired data). The regional 
clearances of morphine were determined directly 
from the relevant products of the regional ex- 
traction ratios and regional blood flows [12]. In 
addition, the renal clearance of morphine was 
determined indirectly from the product of the 
mean total body clearance and the fraction of dose 
excreted by 48h into urine. The results of the 
indicator dilution measurement of gut blood flow 
were considered to be unreliable because of 
apparent streaming of the PAH; gut blood flow 
was estimated therefore as 80% of liver blood 
flow [11, 14]. Brain and coronary blood flows were 
estimated, respectively, as 2% of cardiac output 
[14] and 1.09 ml min“ /g of sheep heart [15]. 

Morphine tissue:blood partition coefficients 
were determined at steady state from the terminal 
experiments using, for reference, the relevant 
mean arterial concentration during the steady 
state period. The calculated partition coefficient, 
kp = Cr/Cs (where Cr and Cs are the morphine 
concentrations in tissue and blood, respectively), 
assumes the lack of clearance from tissues 
{16]. For tissues in which clearance occurred, 
the partition coefficient was determined as 
K, = (1+ Cit/Qt).Ct/Cs (where Cér is tissue 
clearance, and QT is tissue blood flow) [16]. 
The median partition coefficients were combined 
with the median blood flow and clearance data 
to simulate the time course of blood, liver, 
gut, kidney, muscle concentrations and urinary 
excretion of morphine [16]. 

The relationships between dose and morphine 
systemic and regional kinetics were examined 
using multiple regression by partitioning the dose 
effects into linear, quadratic and cubic trend 
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Fie. 1. A: Blood concentrations of morphine during the last 60 min of a 345-min maintenance infusion 
in sheep No. 4. A loading infusion of 20 mg h~? was administered for 15 min followed immediately by 
2.5 mg h for 345 min. @ = Aorta; O = pulmonary artery; A = saggital sinus; [] = coronary sinus: A 
= hepatic vein; V = portal vein; Mf = renal vein; © = posterior vena cava. B: Regional extraction 
ratios (HR) of morphine calculated from the morphine blood concentration data. In this study, 


significant (*P < 0.05) extraction was found only across the liver and kidneys. 


c: Cardiac output (CO) 


and regional blood flows during the period of blood sampling described above. O = Cardiac output; A 
= hepatic blood flow; Il = renal blood flow; © = hindquarter blood flow. D: Cardiovascular variables 
during the period described above. O = Mean arterial pressure (MAP); A = mean heart rate (HR). 


components [17]. There was no evidence of dose- 
dependent effects so the data for the different 
infusion rates in each of the animals were 
combined. The mean regional extraction ratios 
and clearances were examined by the one sample 
t test to determine if they were significantly 
different from zero. Other two-way comparisons 
were made using t tests for paired data. For all 
tests, P<0.05 was considered statistically 
significant. 
RESULTS 


Data from a representative study (at the 2.5- 
mg h™ dose rate) are shown in figure 1. Cardiac 
output, regional blood flows, mean heart rate or 
mean arterial pressure did not alter systematically 
during morphine administration at any dose rate. 


The total body and regional clearances of 
morphine were independent of dose rate across 
the 8-fold range of morphine maintenance in- 
fusion rates: the mean data for each animal were 
therefore combined. The overall mean (SEM) 
morphine Cl was 1.63 (0.21) litre min. With the 
exception of the liver and kidneys, the mean 
arterial_regional venous concentration gradients 
were small: the mean regional extraction ratios 
and clearances of morphine are presented in table 
I. There was no systematic evidence of dose 
dependent extraction of morphine in any region 
(fig. 2). The corresponding overall regional 
clearances were liver 1.01 (0.10) litre min“? and 
kidneys 0.55 (0.06) litre min™!. There was no 
relationship between any clearance and total body 


weight. 
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Tass I. Mean (SEM) regional extraction ratios and clearances 

of morphine during i.v. infusion at steady state. In the ab- 

sence of regional dose independence, the data for each of the 

four animals at four different infusion rates were combined. 
**P < 0.01 compared with a value of 0 


Regional clearance 


Region Extraction ratio (litre min`?) 
Lung 0.05 (0.02) 0.29 (0.18) 
Brain —0.05 (0.04) —0.01 (0.01) 
Heart —0.13 (0.04) —0.03 (0.01) 
Liver 0.68 (0,02)** 1.01 (0.10)** 
Gut —0.03 (0,04) —0.04 (0.07) 
Kidney 0.52 (0.05)** 0.55 (0.06)** 
Hindquarter —0.13 (0.08) —0.12 (0.09) 


Analysis of 48-h urine collection from eight 
animals accounted for 12.3 (2.7)% of the 
administered dose as unmetabolized morphine 


2.5 


N 
o 
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(table II). With dose independent clearance, the 
expected value determined from the renal per- 
centage of C? was 37.1 (6.1)% (P < 0.01). The 
renal percentage of CI was 34.8 (5.3)% in all 13 
experiments. Using the combined information 
another way, the renal clearance measured in- 
directly from unmetabolized morphine urine 
concentrations was 0.21 (0.06) litre min“. This 
value is significantly different from the value 
of 0.55 (0.06) litre min™! measured directly 
(P < 0.01). 

Tissue concentrations of morphine and the 
calculated tissue:blood partition coefficients de- 
termined at steady state for the four terminal 
morphine infusions are given in table III. From 
these experiments, despite inter-animal varia- 
bility, there was no evidence of dose dependent 
tissue: blood partitioning of morphine. The med- 
ian partition coefficients were lung 6.3, brain 2.1, 
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Morphine infusion rate (mg h71) 


Fic. 2, Mean total body clearance [], liver clearance N and kidney clearance D9 of morphine at steady 
state during the different rates of infusion of morphine. 


Tarere II. Renal clearance data for the eight experiments in which total urine recoveries to 48 h were 


made. ERp= renal extraction ratio; 


Cl, = renal clearance; 


Cl = mean total body clearance. 


** Significantly different (P < 0.01); Student’s t test for paired data. + Direct = measured directly from 
product of ERp and renal blood flow; Indirect = measured indirectly from product of Cl and urinary 
recovery of unmetabohized morphine. Determined from the renal percentage of Cl 





Sheep number 
1 1 2 2 3 4 4 4 Mean (SEM) 

Dose (mg h~!) 25 5 2.5 20 5 2.5 10 20 
Mean ER, 0.58 0.67 0.18 065 0.57 O55 0.71 0.59 0.57(0.06) 
Cl (litre min7!) 2.33 1.17 1.13 1.64 0.95 2.08 2.14 1.70  1.64(0.18) 
Mean Cl, (litre min™)} 

Direct 0.58 0.65 0.16 057 0.63 0.84 0.52 0.62 0.57(0.07)** 

Indirect 0.69 O11 014 O11 0.14 0.16 012 0.14 0.21 (0.07)** 
Urinary recovery of 
unmetabolized morphine 

Measured % dose . 

(in urine to 48 h) 29.7 91 123 64 13.9 7.9 5.5 13.9 12.3 (2.7)** 

Expected % dose} 25.0 55.9 13.8 349 66.6 406° 24.2 36.2 37.1 (6.1)** 
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TABLE III. Concentrations of morphine (as morphine base) in arterial blood (ng ml- +) and tissue (ng g+) 
(Concn) at steady state, and calculated tissue:blood partition coefficients (Coeff.) after different 
maintenance infusions of morphine sulphate (Morphine) 














Morphine Morphine Morphine Morphine 
2.5 mg h`? 5 mg ht 10 mg h` 20 mg h 
(Sheep No. 3) (Sheep No. 4) (Sheep No. 2) (Sheep No. 1) 
Sample Conen Coeff. Concn Coeff. Concn Coeff. Conen Coeff. 
Arterial blood 31 19 93 169 
Lung 191 6.2 169 8.9 260 2.8 1066 6.3 
Brain 48 1.6 62 3.2 113 1.2 447 2.6 
Heart 65 2.0 69 2.6 138 15 554 2.6 
Liver 189 11.5 186 15.4 38 1.0 844 8.2 
Gut (small bowel) 320 10.4 219 115 188 2.0 9471 55.9 
Kidney 73 4.0 83 6.1 126 2.3 387 3.5 
Hindquarter muscle 92 3.0 64 3.4 145 1.6 562 3.3 
Hindquarter fat 5 0.2 5 0.3 14 0.2 17 0.1 
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Fic. 3. Simulated time courses of blood (ng ml“) and tissue (ng g`!) concentrations of morphine for 
the 2.5-mg h`! infusion regimen. There is close agreement with the values found at 6 h and reported in 
table ITI. 


heart muscle 2.3, liver 9.9, small bowel 11.0, too, is in close agreement with the value derived 
Kidney 3.8, hindquarter muscle 3.2 and hind- from the preliminary study involving a 10-min 
quarter fat 0.2. Simulated values of time course of infusion of morphine and compartment analysis. 
blood, liver, kidney, muscle concentrations and of 
urinary excretion of morphine for the 2.5-mg h~t 
regimen (fig. 3) agree closely with the measured 
values reported in table III and elsewhere. From This study would appear to be the first in 
the simulated blood concentrations of morphine a which a regional pharmacokinetic-mass balance 
slow half-life of 86 min was determined and this, approach [18] has been applied to morphine. 


DISCUSSION 
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Most previous studies have been based upon 
pharmacokinetic compartmental analysis of sys- 
temic blood samples to determine the C? of 
morphine. Thus the impact of specific organ 
dysfunction on morphine kinetics would not have 
been revealed by such study designs, as the 
balance between the sites and rates of clearance 
may be altered without a net change in the global 
pharmacokinetic parameters of C/, half-life and 
apparent volume of distribution. 

One important finding of this study was that, 
within the dose range used, there was no evidence 
for significant cardiovascular effects or for dose- 
or time-dependent kinetics of morphine at any 
region. This may not pertain for much greater 
doses, at which morphine itself may cause 
significant cardiovascular disturbances and 
thereby affect its own disposition [19]. The most 
important finding, however, was that morphine 
disposition is more complex than generally 
perceived. While this study confirmed that the 
liver is the principal organ for the clearance of 
morphine, accounting for a mean of 62% of Ci, 
the kidneys accounted for 35 %. In the absence of 
significant dose-related kidney clearance of mor- 
phine (as has been confirmed in the dog [19]), 
approximately 35 % of the administered morphine 
dose should have been recovered from the urine if 
the kidney clearance was solely a result of 
excretion of unmetabolized morphine into urine. 
As only 13% of the morphine dose was recovered 
(table II), we conclude that the kidneys are 
metabolizing, as well as excreting, morphine. 
Indeed, this would be consistent with data 
showing the formation of morphine glucuronide 
in microsomes prepared from human kidney 
specimens [10]. 

The role of the kidney in morphine clearance 
has been debated vigorously in recent years, with 
the specificity of the morphine assay being of 
critical importance. Early work by Moore and 
others [3] using a radioimmunoassay (RIA) tech- 
nique reported that decreased clearance of mor- 
phine occurred during renal transplantation in 
man; however, when this study was repeated 
using a specific RIA technique, no alteration of 
morphine kinetics was found [4]. In the period 
between these two reports others, using improved 
analytical techniques, studied the pharmacokin- 
etics of morphine in subjects with normal kidneys 
and patients with renal dysfunction. For example, 
studies by Aitkenhead and colleagues [20] and by 
Siwe and Odar-Cederléf [21] using a specific 
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HPLC method of morphine analysis of peripheral 
blood samples after a single i.v. morphine bolus 
found no difference in clearance of morphine 
between uraemic patients and control subjects, 
suggesting a minimal role of the kidney in the 
clearance of morphine. However, it is important 
to re-emphasize that central or peripheral venous 
plasma samples cannot be used to infer regional 
drug kinetics, as these cannot be determined 
except by regional sampling. The absence of a 
significant difference in morphine Cl between 
uraemic patients and patients with normal kidney 
function may represent compensatory extra- 
hepatic, extrarenal clearance, as has been sug- 
gested for morphine disposition in patients with 
diabetes mellitus [22]. 

Studies in humans, dogs and goats have 
reported systemic plasma morphine clearance in 
excess of liver plasma flow [5~8, 19, 23}. For 
example, Mazoit and colleagues [5] found in 
normal volunteers a total plasma clearance of 
morphine 33.5 ml min“ kg™'—a value well in 
excess of putative hepatic plasma flow. 
Patwardhan and co-workers [9] found normal 
elimination of morphine in cirrhotic patients. 
Others have reported that the clearance of 
morphine is reduced, but still present, in 
hepatectomized dogs [24]. These results, taken 
together, are consistent with significant 
extrahepatic morphine clearance. Although there 
may be species differences, it is noted that the 
urinary excretion of unmetabolized morphine in 
humans [1] and dogs [19] is similar to that 
reported here in sheep. Morphine metabolism 
in gut wall of rats has been shown to occur [25]. 
Direct studies need to be performed to assess if 
human gut does metabolize morphine. In the 
absence of a significant mean arterio—portal gradi- 
ent, we were unable to demonstrate any net 
clearance of morphine in the gut of sheep, 
although in some individual experiments net 
positive or negative mean extraction ratios were 
noted. This variability could have been related to 
the timing of the sampling period with respect to 
gastric emptying, recycling of morphine that was 
ion-trapped in gastric contents, or both. Although 
there was not a significant net clearance of 
morphine in the lungs, there was a net positive 
mean extraction ratio in nine of the 13 experiments 
(and in both of two pilot experiments [data not 
reported]). This should not be confused with first 
pass extraction which is known to occur for 
morphine and a variety of other drugs [26]. The 
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lungs are known to be a source of drug 
metabolizing enzymes and their role in the 
clearance of morphine still requires more detailed 
mass balance studies than have been performed to 
date. The ability of the human brain m vitro to 
metabolize morphine to M3G and M6G [27] has 
been demonstrated recently ; however, the present 
study showed no significant net morphine clear- 
ance by the sheep brain. This may reflect a low 
rate of metabolism in brain compared with other 
tissues im vivo, resulting in an inability to 
demonstrate extraction across the brain. 

The calculated tissue: blood morphine partition 
coefficients were greater than unity in all tissues 
except (hindquarter) fat. The partition coefficient 
of 0.2 in fat is consistent with the poor lipophilicity 
of morphine [28]. The partitioning of morphine 
into tissues provides morphine stores that could 
be mobilized with changes in regional blood flow 
or acid—base balance, although the magnitude of 
these effects is unknown. The mean brain: blood 
partition coefficient of 2.1 is greater than has been 
found in humans [29], rats [30] and dogs [31], 
which may be a reflection of any, or all, differences 
in species, morphine assay and experimental 
design. In other studies on the physiological 
disposition of morphine in the pregnant rat, 
tissue: plasma partition coefficients were reported 
to be concentration-independent, except for skel- 
etal muscle, in which non-linear partitioning was 
suggested [16]. Although derived from only a 
small number of animals, the present study 
found no evidence for concentration-dependent 
tissue: blood partition coefficients in any tissues, 
including hindquarter muscle. The partition 
coefficients in sheep No. 2 were consistently the 
smallest values among sheep in all tissues, 
confirming the suggestion that interindividual 
variation in tissue: blood distribution and binding 
contributes a major source of interindividual 
pharmacokinetic differences [16]. 
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~ COMPARISON BETWEEN SEVOFLURANE AND 
HALOTHANE FOR PAEDIATRIC AMBULATORY 


ANAESTHESIA 


Y. NAITO, S. TAMAI, K. SHINGU, R. 


SUMMARY 


We have compared the rapidity and quality of 
recovery after sevoflurane anaesthesia with those 
after halothane anaesthesia. Thirty unpremedi- 
cated paediatric outpatients undergoing pulsed- 
dye laser therapy for port-wine stains were 
allocated randomly to receive either halothane or 
sevoflurane anaesthesia. Each group received 
60% nitrous oxide and 1.0-1.5 MAC of volatile 
agent in oxygen for approximately 40 min. 
Patients receiving sevoflurane exhibited more 
rapid emergence and a significantly shorter 
postoperative recovery time compared with those 
receiving halothane. No major adverse effects 
were encountered in each group. These results 
suggest that sevoflurane anaesthesia is pref- 
erable to halothane anaesthesia for paediatric 
ambulatory patients. 


KEY WORDS 


Anaesthesia: paediatric. Anaesthetics, volatile: halothane, 
sevoflurane. Recovery: ambulatory surgery. 


Sevoflurane has a low blood/gas partition co- 
efficient and has been suggested to be useful for 
outpatients because of its rapid uptake and 
elimination [1]. It is not clear, however, if recovery 
from anaesthesia occurs more rapidly and com- 
pletely in the ambulatory patient after this agent. 
To assess the usefulness of sevoflurane for 
outpatient anaesthesia in children, we have 
compared the rapidity and quality of recovery 
from general anaesthesia in paediatric patients 
who received either sevoflurane or halothane 
anaesthesia. 


FUJIMORI AND K. MORI 


PATIENTS AND METHODS 


We studied 30 paediatric ambulatory patients 
(ages 1-7 yr) undergoing pulsed-dye laser therapy 
for port-wine stain of their face and neck region 
under general anaesthesia without premedication 
[2]. Patients were allocated randomly to two 
groups to receive either halothane or sevoflurane. 
The study was approved by the Ethics Committee 
of our university and informed verbal consent was 
obtained from parents before operation. The 
patients had been fasting at least 6 h and received 
no premedication. 

Anaesthesia was administered by the same 
anaesthetist. Induction of anaesthesia was by 
inhalation of 60 % nitrous oxide and 0.5-2.5 MAC 
of halothane (1.0 MAC = 0.8%) or sevoflurane 
(1.0 MAC = 1.7%) in oxygen via either a 
Jackson—Rees system (body weight < 10 kg) ora 
paediatric semi-closed circle system (body weight 
> 10 kg). Both agents were introduced gradually 
to the breathing system; concentrations were 
increased by increments of 0.5-1.0% every 2-3 
breaths. After induction of anaesthesia, an i.v. 
cannula was inserted and atropine 0.01 mg/kg 
body weight was administered to prevent ex- 
cessive salivation. Anaesthesia was maintained 
with 60% nitrous oxide and 1.0-1.5 MAC of the 
appropriate volatile agent in oxygen without 
tracheal intubation. Administration of nitrous 
oxide and volatile anaesthetic agent was dis- 
continued at the end of operation. After awak- 
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TABLE I. Details of the 30 patients studied and their anaesthesia. B.wt. = Body weight; Induction = time between induction and 
loss of eyelash reflex; Duration = duration of induction and maintenance of anaesthesia; Emergence = time from discontinuation 
of inhalation agent to opening eyes on request; Recovery = time from discontinuation of inhalation agent to discharge 








Patient Age B.wt Induction Duration Emergence Recovery Restlessness 
No, (yr) Sex (kg) (min) (min) (min) (min) Vomiting agitation 
Halothane group 
1 6 M 16 3 22 11 157 
2 1 M 10 3 31 4 151 + 
3 3 F 14 2 54 7 111 
4 1 M 13 3 46 9 120 
5 6 F 20 3 76 16 132 
6 1 F 9 3 44 10 125 + + 
7 1 M 10 4 55 8 165 
8 1 F 10 5 45 10 110 
9 1 M 10 3 25 10 120 
10 5 F 17 5 32 6 141 
11 6 F 18 4 23 12 160 
12 7 M 22 3 53 10 115 + + 
13 3 F 17 3 45 10 170 
14 3 F 16 3 35 11 160 
15 6 F 20 3 31 9 124 
Mean (sp) 3.4 (2.3) 14.8 (4.2) 3.3(0.8) 41.1(14.2) 9.5(2.7) 137.4 (20.6) 
Sevoflurane group 
16 5 M 17 2 43 5 115 + 
17 7 M 22 5 40 6 104 + 
18 6 M 15 5 25 5 60 
19 6 F 20 3 44 5 55 + 
20 3 F 16 3 38 4 65 
21 2 F 10 4 46 4 60 
22 2 M 13 2 25 5 85 + 
23 1 F 6 3 38 3 70 
24 1 M 13 2 30 3 65 + 
25 3 F 15 2 46 5 100 
26 2 F 11l 1 37 3 95 + 
27 1 F 7 5 20 5 110 
28 1 M 10 2 46 2 120 + 
29 5 F 20 5 55 5 120 + + 
30 2 F 14 5 30 5 90 + 
Mean (sD) 3.1 (2.0) 13.9 (4.5) 3.2(1.4) 41.5(8.5) 43(1.1) 87.6 (22.7) 
P ns — ns ns ns < 0.01 < 0.01 ns ns 


ening, patients were transferred to the post- 
operative recovery room and cared for by a 
specially trained nursing staff with the parents 
present. Postoperative restlessness, agitation and 
vomiting were recorded. Postoperative pain was 
treated by rectal administration of indomethacin 
suppository 1 mg kg™! if necessary. Recovery of 
cognitive and psychomotor function was assessed 
by the nurse, who was not informed which 
anaesthetic had been used. The decision to 
discharge was made by the anaesthetist, on the 
basis of the following criteria [1, 3]: age-appro- 
priate level of alertness; age-appropriate level of 
ambulation; stable vital sign for > 30 min; ab- 
sence of nausea or vomiting for > 30 min; 


tolerance of oral fluid; pain controllable with 
indomethacin suppository; absence of bleeding. 

Halothane and sevoflurane were administered 
via appropriate calibrated vaporizers (halothane: 
Acoma, Vaporizer F; sevoflurane: Obmeda, 
Sevotec 3). 

Time between induction and loss of eyelash 
reflex (induction), duration of induction and 
maintenance of anaesthesia (duration), time from 
discontinuation of the inhalation agent to opening 
the eyes on request (emergence), and time from 
discontinuation of the inhalation agent to dis- 
charge (recovery) were recorded. 

Data are presented as mean (SD). Statistical 
analysis was performed using the Student’s z test 
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(unpaired) for parametric data, or the chi-square 
test. 


RESULTS 


There was no significant difference in character- 
istics between the two groups (table I). Induction 
time and duration of anaesthesia were similar in 
both groups, but significantly more rapid emerg- 
ence was observed in the sevoflurane group: 
halothane 9.5 (2.7) min; sevoflurane 4.3 (1.1) min. 
Recovery time in the sevoflurane group was 
significantly shorter than that in the halothane 
group: halothane 137.4 (20.6) min; sevoflurane 
87.6 (22.7) min. 

No significant complications such as laryngo- 
spasm, cyanosis, rigidity or movement were 
observed in the two groups. Vomiting was 
observed in two patients in the halothane group 
and one in the sevoflurane group; all episodes 
were observed after emergence. The number of 
patients who exhibited postoperative restlessness 
and agitation was greater in the sevoflurane group 
(9/15) than in the halothane group (3/15) (not 
significant). Postoperative restlessness and agi- 
tation in these patients were treated effectively 
with indomethacin in all patients, without any 
apparent changes in consciousness and vital signs. 


DISCUSSION 


Anaesthetics used for paediatric outpatient sur- 
gery should produce rapid and smooth induction, 
rapid emergence and a short postoperative re- 
covery period with minimal adverse effects [3]. 
Thus anaesthesia for such patients is generally 
induced and maintained with inhalation of volatile 
anaesthetics, especially halothane, in combination 
with nitrous oxide [1,3-5]. The rapidity of 
recovery from inhalation anaesthesia depends on 
the solubility of the volatile anaesthetics [1, 6, 7]. 
The blood/gas partition coefficient of sevoflurane 
is 0.69 [8], which is comparable to that of nitrous 
oxide (0.46), therefore, sevoflurane should be 
expected to produce a more rapid and complete 
emergence [1]. Our present study clearly demon- 
strated that the times required for emergence and 
recovery in patients anaesthetized with sevo- 
flurane and nitrous oxide were significantly 
shorter than those in patients receiving halothane 
and nitrous oxide. These results indicate that the 
use of sevoflurane in the paediatric outpatient 
setting reduces hospital stay. 
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The incidence of postoperative restlessness and 
agitation seemed to be greater in the patients 
anaesthetized with sevoflurane. As all of these 
patients were treated effectively with indo- 
methacin, it is suggested that these symptoms are 
caused by pain during emergence and the im- 
mediate postoperative period [9]. No apparent 
delay in discharge was observed in these patients. 
These phenomena might reflect the rapidity and 
completeness of emergence from sevoflurane 
anaesthesia. 

It should be noted that there was no serious 
complication associated with the inhalation of 
sevoflurane. The incidence of postoperative 
vomiting was low in the patients anaesthetized 
with sevoflurane. As vomiting is a major cause of 
delayed discharge from the recovery room and 
unscheduled overnight admissions [3], the low 
incidence of postoperative vomiting, which has 
been confirmed in a much larger clinical trial of 
sevoflurane in paediatric anaesthesia [10], should 
encourage the use of this anaesthetic agent in 
paediatric ambulatory surgery. 
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MIDAZOLAM MODIFIES PANCREATIC AND ANTERIOR 
PITUITARY HORMONE SECRETION DURING UPPER 


ABDOMINAL SURGERY 


J. P. DESBOROUGH, G. M. HALL, G. R. HART AND J. M. BURRIN 


SUMMARY 


We have investigated the effects of midazolam 
on circulating concentrations of pituitary and 
pancreatic hormones in eight healthy patients 
during cholecystectomy and compared the 
changes with those in a control group of eight 
patients. Anaesthesia was induced either with 
midazolam 0.42 mg kg@' i.v. followed by an 
.infusion of midazolam 0.125 mg kg™' for 1 h, or 
with a sleep dose of thiopentone. All patients 
received vecuronium, and the lungs were venti- 
lated with 0.5-1.0% halothane and 70% nitrous 
oxide in oxygen. The use of midazolam was 
associated with a significant decrease (P < 0.05) 
in secretion of cortisol and insulin during surgery. 
Serum growth hormone secretion was aug- 
mented, but this did not reach statistical sig- 
nificance. There was little difference in the 
concentrations of circulating metabolites be- 
tween the two groups, except for a significant 
decrease in blood glucose (P < 0.05) in the 
midazolam group after 60 min. There were no 
marked differences in cardiovascular variables 
between the two groups of patients. 


KEY WORDS 


Hypnotics, benzodiazepines : midazolam. Hormones: cortisol, 
growth hormone, insulin. Surgery: cholecystectomy. 


Midazolam is an imidazobenzodiazepine used for 
induction and maintenance of anaesthesia, and for 
sedation. Its pharmacology and clinical effects 
have been reviewed by Reves and colleagues [1]. 
Central actions of benzodiazepines are mediated 
via multi-subunit GABA, receptors which have 
binding sites for the inhibitory neurotransmitter 
gamma-aminobutyric acid (GABA). Benzodia- 
zepines facilitate the synaptic effects of GABA, 
which modifies chloride ion conductance. GABA, 


receptors have been demonstrated in the CNS 
and in the periphery [2,3]. In addition, benzo- 
diazepine receptors, not linked with GABA, are 
present in high concentrations in peripheral 
tissues and in the CNS [4]. 

The effects of GABA agonists, including benzo- 
diazepines, on pituitary hormone secretion have 
been studied extensively [5]. In general, GABA 
agonists reduce the secretion of adrenocortico- 
trophic hormone (ACTH) and consequently cor- 
tisol, and stimulate basal secretion of growth 
hormone (GH). Studies of the effects of GABA 
agonists on hormone secretion from the en- 
docrine pancreas have shown contrasting results 
{6, 7], but indicate that GABA may also have a 
role in pancreatic endocrine function. 

Several groups have investigated the modi- 
fication by midazolam of the hormonal and 
metabolic response to surgery and these studies 
have been reviewed recently [8]. The results of 
some studies may have been influenced by the 
concomitant use of potent opioids [9-11] which 
are known to affect hypothalamic—pituitary hor- 
mone secretion [12]. The object of the present 
study, therefore, was to investigate further the 
specific effects of midazolam on the hormonal and 
metabolic responses to upper abdominal surgery. 


PATIENTS AND METHODS 


We studied 16 healthy patients admitted for 
elective cholecystectomy. None had a history of 
diabetes mellitus or other endocrine disorder. All 
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patients gave written informed consent to the 
study, which was approved by the Hospital Ethics 
Committee. Patients were allocated randomly to 
receive either midazolam 0.42 mg kg™ i.v. over 
5 min followed by an infusion of 0.125 mg kg"! 
i.v. for 1 h, or an induction dose of thiopentone. 

All studies were started before 10:00. Patients 
were premedicated with papaveretum 15-20 mg 
and hyoscine 0.3-0.4mg i.m. 90min before 
induction of anaesthesia. On arrival in the an- 
aesthetic room, a central venous catheter was 
placed percutaneously via a vein in the antecubital 
fossa for sampling of blood and administration of 
drugs and i.v, fluids. Approximately 30 min 
before the start of surgery (—30 min), a control 
blood sample was collected and mean arterial 
pressure and heart rate were measured. 

Anaesthesia was induced in the control group 
with a dose of i.v. thiopentone sufficient to abolish 
the eyelash reflex, and in the midazolam group 
with midazolam 0.42 mg kg™ i.v. In the midaz- 
olam group, an infusion of midazolam 1 mg ml™ 
at a rate of 0.125 mg kg™ for 1 h only was started 
before surgery commenced. All patients received 
vecuronium 0.1 mg kg" to facilitate intubation of 
the trachea, and the lungs were ventilated with 
0.5-1.0% halothane and 70% nitrous oxide in 
oxygen. Ventilation was adjusted to maintain an 
end-tidal partial pressure of carbon dioxide 
- 4.0-4.5 kPa. 

Sodium chloride 0.9% was infused at a rate of 
6mlkg-'h~1 during surgery and 2 mlkg™ h~! 
after the end of surgery in all patients. After 
antagonism of neuromuscular block, increments 
of flumazenil 0.1 mg were given to patients in the 
midazolam group if necessary to restore adequate 
spontaneous ventilation. All patients received 
papaveretum 5 mg i.v. on demand for analgesia in 
the recovery period. 

Blood samples were collected at the start of 
surgery (0 min) and 30, 60, 90, 120, 240 and 
360 min after the start of surgery. Heart rate and 
mean arterial pressure were measured at the same 
time as blood sampling. Blood samples were 
analysed in duplicate for PCV, glucose, lactate, 
non-esterified fatty acids (NEFA), cortisol, 
growth hormone (GH) and insulin concentrations 
as described previously [13]. Investigators were 
unaware of the sample identities at the time of 
analysis. 

The samples were analysed for hormones in 
two batches. The intra-assay coefficients of vari- 
ation for cortisol were 7% and 4% at 144 and 
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478 nmol litre’, respectively, for GH 5% and 
8% at 4.4 and 11.8 mu litre"), respectively, and 
for insulin 10% at 9.2 mu litre!. The interassay 
coefficients of variation for cortisol were 11 % and 
8% at 144 and 493 nmol litre“, respectively, for 
GH 13% and 12% at 4.6 and 11.9 mu litre}, 
respectively and for insulin 10 % at 9.4 mu litre". 
Results are shown as mean (SEM) or median 
(range) for GH data which were not normally 
distributed. Data were analysed by one- or two- 
way analysis of variance with Dunnett’s test as 
appropriate, and by Wilcoxon rank sum test and 
Wilcoxon signed rank test for GH data. 


RESULTS 


There was no difference between the groups in 
age, weight, duration of surgery or dose of 
papaveretum received (table I). The mean time 
interval from the start of induction of anaesthesia 


TABLE I. Derails of patients studied (mean (range or SEM)) 


Control Midazolam 
(n = 8) (n = 8) 
Age (yr) 52.1 (24-72) 47.0 (24-70) 
Weight (kg) 69.8 (2.8) 62.6 (3.7) 
Sex (F:M) 5:3 8:0 
Duration of 98 (15.3) 86 (7.6) 
surgery (min) 
Total dose of 34.1 (1.1) 
midazolam (mg) 
Post op. 17.5 (1.1) 15.7 (1.1) 


papaveretum (mg) 


O Control 
@ Midazolam 


Serum cortisol (nmol litre~1} 





-60 0 60 120 180 240 300 360 


Time (min) 
Fig. 1. Mean (SEM) serum concentrations of cortisol in control 


and midazolam groups. 0 min = Start of surgery. Significant 
difference between groups: * P < 0.05. 
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Fic. 2. Individual serum concentrations of growth hormone 
in control and midazolam groups. 0 min = Start of surgery. 


to the start of surgery was 17.5 min in the control 
group and 20.6 min in the midazolam group. In 
patients receiving midazolam, surgery com- 
menced 5.6 min after the infusion was started. 
The mean (SEM) induction dose of midazolam was 
26.3 (1.6) mg and the total dose was 34.1 (1.1) mg. 
Three patients in the midazolam group received 
flumazenil on completion of surgery after an- 
tagonism of neuromuscular block: two received 
0.2 mg and one received 0.5 mg. In all three 
patients, flumazenil was given after the 90-min 
blood sample had been collected. Blood loss did 
not exceed 300 ml in any patient and no patient 
received blood transfusion during the study. 
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Fic. 3. Mean (SBM) serum concentrations of insulin in control 

and midazolam groups. 0 min = Start of surgery. Significant 
difference between groups: * P < 0.05. 
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Serum cortisol (fig. 1) 

In the control group of patients, serum concen- 
trations of cortisol increased significantly during 
surgery from 466 nmol litre? to 1155 nmol 
litre? (P<0.01) after 30min and reached 
1465 nmol litre! (P < 0.01) after 90 min. This 
significant increase in serum concentration of 
cortisol (P < 0.01) persisted to the end of the 
study. In the midazolam group, cortisol con- 
centrations increased more slowly, from 
364 nmol litre? to 830 nmol litre? after 30 min 
(P < 0.05) and to 1034 nmol litre? (P < 0.05) 


Taste II. Concentrations of blood glucose and lactate and plasma NEFA, and PCV. Within group differences from 
preinduction value (—30 min): *P < 0.05; ** P < 0.01. Between group differences: tP < 0.05 


Time of sample (min) 





—30 0 30 90 120 240 360 
Blood glucose 
(mmol litre?) 
Control 4.79 (0.21) 5.32 (0.38) 6.93 (0.39)* 7.30 (0.50)** 6.51 (0.41)* 6.97 (0.53)* 7.01 (0.63)* 6.96 (0.65)* 
Midazolam 4.90 (0.18) 4.98 (0.22) 6.43(0.57) 5.84(0.45)¢ 6.64 (0.56)* 6.52 (0.56)* 6.56 (0.44)* 6.13 (0.41) 
Blood lactate 
(mmol litre?) 4 
Control 1.03 (0.13) 0.92(0.12) 1.01(0.11) 0.95(0.15) 0.88 (0.08) 0.84(0.07) 0.66 (0.08) 0.58 (0.04)* 
Midazolam 0.86 (0.12) 0.84(0.10) 0.92(0.15) 0.95 (0.15) 0.79 (0.10) 0.78 (0.11) 0.65(0.13) 0.62 (0.10) 
Plasma NEFA 
(mmo! litre~+) 
Control 1.15 (0.11) 1.10 (0.15) 1.31 (0.16) 1.37 (0.13) 1.23 (0.06) 1.31 (0.19) 1.47 (0.17) 1.31 (0.09) 
Midazolam 1.14 (0.17) 0.90 (0.13) 1.13 (0.21) 1.11 (0.19) 0.96 (0.14) 1.01 (0.06) 1.05 (0.13) 1.04 (0.09)+} 
PCV (%) 
Control 39.1 (1.3) 38.1 (1.6) 37.6 (1.4) 37.4 (1.8) 38.5 (2.1) 38.2 (1.8) 39.3 (1.6) 39.0 (1.6) 
Midazolam 39.7 (1.2) 38.7 (1.1) 38.2 (1.6) 37.2 (1.2) 36.8 (2.3) 37.2 (1.6) 37.1 (1.5) 36.4 (1.6) 
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after 90 min. Cortisol values were significantly 
less in the midazolam group at 60 min compared 
with the control group (F 5.61, P < 0.05). 


Serum growth hormone (fig. 2) 


In the control group, GH values did not change 
significantly from preinduction values of 1.0 
(< 1~6.9) to 1.4 (< 1-8.3) at the start of surgery 
(0 min), but increased to 16.4 (6.1-30.8) mu litre? 
after 30 min of surgery. This significant increase 
(P < 0.01) persisted until 120 min after the start 
of surgery. In contrast, in the midazolam group, 
GH concentration increased significantly from 
preinduction values of 1.1 (< 1-24.3) to 4.0 
(< 1-38.6) mu litre™! (P < 0.05) at the start of 
surgery (0 min) and increased further, to 23.2 
(1.2— > 100) mu litre, after 30 min of surgery. 
This significant increase (P < 0.01) was main- 
tained until 90 min after surgery started. In spite 
of the augmented response in the midazolam 
group, there was no significant difference between 
the two groups at any time point studied. 


Serum insulin (fig. 3) 

In the control group, serum concentrations of 
insulin did not change significantly during the 
course of the study, but in the midazolam group 
concentrations decreased significantly after in- 
duction of anaesthesia, from 14.1 mu litre! to 
7.1 mu litre! at the start of surgery (P < 0.05) 
and remained less than preinduction concen- 
trations during surgery. Serum concentrations of 
insulin were significantly smaller in the midaz- 
olam group compared with the control group at 
0 min (F 8.94, P < 0.05) and at 360 min (F 5.62, 
P < 0.05). 


Circulating metabolites and PCV (table II) 


Blood concentrations of glucose increased in 
the control group from 4.79 mmol litre before 
induction to 7.30 mmol litre after 60 min of 
surgery (P < 0.01). In the midazolam group, 
glucose values increased more slowly, from a 
preinduction value of 4.90 mmollitre? to 
6.64 mmol litre! at 90min (P < 0.05). Blood 
concentration of glucose was significantly less in 
the midazolam group at 60 min (P < 0.05). 

Blood concentrations of lactate changed little in 
both groups during surgery, but declined in the 
postoperative period. This decrease was sig- 
nificant only in the control group at 360 min 
(P < 0.05). There were no significant differences 
in lactate values between groups. 
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90 
Fd Control 


HE Midazolam 


Heart rate (beat min@1) 


MAP (mm Hg) 





-30 0 30 60 90 120 240 360 
Time (min) 


Fic. 4. Mean (sam) heart rate and mean arterial pressure 
(MAP) in control and midazolam groups. 0 min = Start of 
surgery. Significant difference between groups: * P < 0.05. 


There was no significant change in plasma 
NEFA concentrations in the two groups of 
patients. NEFA values were always smaller in 
the midazolam group than in the control group 
and this difference was significant at 360 min 
(P < 0.05). 

There were no significant changes in PCV in 
each group during the study and no significant 
differences between the two groups. 


Heart rate and mean arterial pressure (fig. 4) 


Heart rate did not change significantly in the 
control group during the study. In the midazolam 
group, heart rate increased significantly from 65 
to 75 beat min~! at the start of surgery (P < 0.05) 
and remained greater than preinduction values 
during the study, although this change was not 
significant. Heart rate was significantly slower in 
the control group at 120 min compared with the 
midazolam group (F 9.15, P < 0.05). 

Mean arterial pressure did not change signifi- 
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cantly in the two groups during the study, and 
there was no significant difference between 
groups. 

DISCUSSION 


Induction of anaesthesia with midazolam 
0.42 mg kg"! i.v. followed by an infusion of 
midazolam 0.125 mg kg"! h“! for 1h in addition 
to halothane anaesthesia, produced a significant 
decrease in serum concentrations of cortisol and 
insulin, together with an increase in serum 
concentrations of growth hormone. The control 
group received thiopentone induction and halo- 
thane alone. Blood concentration of glucose was 
significantly smaller in the midazolam group at 
60 min; otherwise, there were no significant 
differences in the concentrations of circulating 
metabolites between the two groups. There were 
no major differences in cardiovascular variables 
between the two groups. 

Oral benzodiazepines have been shown to 
suppress cortisol concentrations in human studies 
[14]. Recent work suggests that GABA agonists 
may reduce the secretion of ACTH, and subse- 
quently cortisol, through an inhibition of the 
secretion of hypothalamic corticotrophin releasing 
factor (CRF) [15, 16]. However, a direct effect on 
the adrenal glands cannot be excluded, as per- 
ipheral benzodiazepine receptors have been 
demonstrated in the rat adrenal cortex [17]. 

We have demonstrated a decrease in serum 
concentrations of cortisol at 60 min after the start 
of surgery in patients receiving midazolam. This 
is in contrast with a study by Dawson and Sear [9] 
in which no effect on the adrenocortical response 
to surgery was demonstrated when midazolam 
20 mg was used as an induction agent compared 
with thiopentone 4-5 mg kg, before fentanyl 
3 pg kg, nitrous oxide and enflurane anaesthesia 
for hysterectomy. In their investigation, the 
induction dose of midazolam was smaller, no 
infusion was used and sampling was limited to 
preinduction, end of surgery and three post- 
operative samples. All these factors, particularly 
the absence of intraoperative samples, may be 
implicated in the failure of the study [9] to 
demonstrate any hormonal suppression with 
midazolam. 

Our choice of dose of midazolam was based on 
a previous study by Nilsson and colleagues [10], 
in which midazolam was given in combination 
with large doses of alfentanil in a total i.v. 
technique. In their study the mean (SEM) dose of 
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midazolam was 39 (4) mg and that of alfentanil 
17.5 (2.1) mg. Serum concentrations of cortisol 
decreased after induction of anaesthesia, remained 
small during pelvic surgery and increased to 
approximately 800 nmol litre! only 4h after the 
end of surgery. However, these results were not 
significantly different from the control group 
who received thiopentone and alfentanil (16.5 
(2.4) mg). The use of alfentanil in this study may 
have masked any effect of midazolam on cortisol 
secretion, as opioids are known to inhibit the 
cortisol response to surgery [12]. 

Crozier and colleagues [11] showed that 
induction of anaesthesia with midazolam 
0.2 mg kg“ followed by an infusion of midazolam 
0.09 mg kg h™ during minor body surface sur- 
gery decreased serum concentrations of cortisol 
and ACTH to an extent similar to etomidate 
0.3 mg kg"! followed by infusion of etomidate 
0.36 mg kg +h}. In contrast with etomidate, 
midazolam did not impair subsequent secretion of 
cortisol stimulated by exogenous ACTH. Midaz- 
olam attenuated f-endorphin secretion and 
ACTH secretion, which suggested a central site 
of action rather than an effect on adrenal 
steroidogenesis. 

Flumazenil is a specific benzodiazepine an- 
tagonist. There are conflicting reports of its effects 
on hypothalamic—pituitary hormone secretion. In 
vitro studies have demonstrated that flumazenil 
may antagonize the inhibition of secretion of CRF 
induced by benzodiazepines [15]. Although we 
cannot exclude an effect of flumazenil on post- 
operative cortisol concentrations in our study, 
there were no marked differences in cortisol values 
in the three patients who received flumazenil 
compared with other patients in the midazolam 
group. Nilsson [8] reported no difference in 
postoperative concentrations of cortisol in patients 
receiving flumazenil after total i.v. anaesthesia 
with midazolam and alfentanil, compared with a 
similar group of patients who did not receive 
flumazenil. Furthermore, in a study in which 
flumazenil (mean dose 0.84mg) was used to 
antagonize sedation after midazolam (mean dose 
11.0 mg), no increases in B-endorphin or catechol- 
amine concentrations were found compared with 
a control group [18]. 

The finding of a greater serum GH response, 
although not statistically significant, in patients 
receiving midazolam in the present study is 
consistent with many previous reports in which 
GABA agonists, including benzodiazepines, have 
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been shown to regulate secretion of GH in humans 
[19, 20]. In most studies, GABA agonists have a 
stimulatory effect on basal GH secretion, but 
inhibition of exercise-induced secretion of GH 
has been demonstrated, suggesting a dual role 
[20]. The precise mechanism is not fully under- 
stood, but GABA may modulate the actions of 
neurotransmitters involved in GH secretion. 

The decrease in serum concentrations of insulin 
to 50% of resting values after induction of 
anaesthesia with midazolam 0.42 mg kg™ was 
interesting. It is tempting to speculate that this 
might be caused by a direct effect of midazolam on 
insulin secretion from the pancreas. GABA has 
been demonstrated in animal and human pan- 
creatic islets [21, 22] and more recently has been 
shown by immunocytochemistry to be localized 
with insulin in the B-cells of the rat pancreas [23]. 
A mechanism whereby GABA co-secreted with 
insulin may modulate glucagon secretion via 
GABA, receptor stimulation has been reported 
[24]. Peripheral type benzodiazepine receptors 
exist also in rat pancreatic tissue [17], although 
numbers are much smaller than in the adrenal 
cortex. Human and animal studies have produced 
conflicting results of the effects of GABA agonists 
on insulin secretion [6, 7]: however, the findings 
suggest that GABA agonists may modulate en- 
docrine pancreatic function. To our knowledge, a 
clinical effect of midazolam on secretion of insulin 
during surgery has not been reported previously, 
and this finding requires confirmation. 

The marked changes in concentrations of 
cortisol, GH and insulin in the midazolam group 
had surprisingly little effect on the concentrations 
of circulating metabolites. Blood concentrations 
of glucose tended to be smaller throughout the 
study in the midazolam group, but this difference 
was significant only at 60 min. Control of gly- 
caemia during surgery is influenced mainly by the 
extent of stimulation of the sympathetic adren- 
ergic system. Crozier and colleagues showed that 
midazolam attenuated adrenaline concentrations 
during minor surgery [11]. It is possible that this 
was a direct effect, as GABA has been demon- 
strated in adrenal chromaffin cells and GABA 
receptors have been identified in the adrenal 
medulla [25]. 

The absence of significant changes in mean 
arterial pressure after the large dose of midazolam 
used in this study confirms previous reports 
showing minimal cardiovascular changes after 
induction of anaesthesia with midazolam. 
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Haemodynamic effects after midazolam 
0.25-0.3 mg kg“ are similar to those seen with 
thiopentone 3-4 mg kg™ [26, 27]. 


In conclusion, we have shown that midazolam, 
when given in a large dose, modifies the endocrine 
response to surgery. Unlike potent opioids which 
have only an inhibitory effect on many pituitary 
hormones [12], midazolam has a mixed inhibitory 
and stimulatory effect on pituitary secretion, 
together with an inhibitory effect on pancreatic 
function. l 
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~ CLONIDINE DECREASES POSTOPERATIVE OXYGEN 
CONSUMPTION IN PATIENTS RECOVERING FROM 


GENERAL ANAESTHESIA 


L. DELAUNAY, F. BONNET AND P. DOUVALDESTIN 


SUMMARY 


Twenty ASA I patients, undergoing thyroid 
surgery were allocated randomly to receive at the 
end of surgery either an isotonic saline solution 
or clonidine 2 ug kg” iv. administered over 
20 min. Oxygen consumption (V0.2) and carbon 
dioxide production (VCO) were measured during 
recovery in patients breathing spontaneously 
with a head canopy system. Clonidine was found 
to attenuate the increase in VO, and VCO, 
associated with recovery from anaesthesia. The 
effect of clonidine was associated with a re- 
duction in shivering. Sedative and analgesic 
properties of clonidine may also contribute to the 
reduction in metabolic demand during recovery 
from anaesthesia. 


KEY WORDS 


Oxygen: oxygen consumption. Recovery. Sympathetic 
nervous system: clonidine. 


Recovery from general anaesthesia is associated 
with shivering and increase in oxygen consump- 
tion (Vo,) which may result in hypertension and 
tachycardia [1—3]. Postoperative shivering is un- 
comfortable and its haemodynamic consequences 
may be harmful in patients with coronary artery 
disease [4]. It has been demonstrated recently that 
clonidine, an alpha-2 adrenergic agent, attenuated 
postoperative shivering [5]. The aim of this study 
was to assess if inhibition of postoperative shiver- 
ing by clonidine is associated with a reduction in 
Vo, and carbon dioxide production (Vco,). 


PATIENTS AND METHODS 


We studied 20 patients ASA physical status I, 
undergoing thyroid surgery after obtaining in- 
formed patient consent and Ethics Committee 
approval. 


Patients with hyper- or hypothyroidism were 
excluded from the study, in addition to those 
treated previously by f-adrenergic blocking 
agents, psychotropic drugs and alpha-2 adrenergic 
agonist agents. Patients were premedicated orally 
with lorazepam 1 mg. Anaesthesia was induced 
with thiopentone 5 mg kg and alfentanil 150- 
200 pg kg}. Vecuronium 0.1 mg kg™ was given to 
facilitate orotracheal intubation. Ventilation was 
controlled using a closed system (SA1 Draeger). 
Anaesthesia was maintained with 50% nitrous 
oxide and 0.6-1% isoflurane (expired concen- 
tration, Multicap Datex) in oxygen and additional 
bolus doses of alfentanil. At the end of surgery, 
isoflurane and nitrous oxide were stopped, fresh 
gas flow was increased to 6-8 litre min™ and the 
anaesthetic breathing system was opened. Patients 
were allocated randomly to two groups (n = 10 
each) to receive either an isotonic saline solution 
(control group) or clonidine 2 pg kg™t i.v. injected 
over 20 min (clonidine group). At the end of the 
infusion, patients were transferred to the recovery 
room where measurements began. During the 
60 min after arrival in the recovery room Vos, 
Vco, and respiratory quotient (RQ) were meas- 
ured with a head canopy system (Deltatrac 
metabolic monitor, Datex) while patients were 
breathing room air spontaneously. Measurements 
were performed every 1 min and values of Vo,, 
Vco, and RQ were expressed as the mean value of 
a 10-min period of measurements. Systemic 
arterial pressure and heart rate were measured 
every 10 min in the recovery room (Dinamap) and 
rectal temperature was noted (rectal sensor: Mon 
a therm). 
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TABLE I. Patient data and clinical events (mean (range or SD)) 





Control group Clonidine group 


(n = 10) (n = 10) 

Sex (M/F) 2/8 0/10 
Age (yr) 37 (30-52) 37 (20-49) 
Body surface area (m?) 1.7 (0.2) 1.7 (0.1) 
Duration of surgery 78 (17) 78 (16) 

(min) 
Time end of surgery 13.4 (5.3) 13.3 (3.5) 

to extubation (min) 
Rectal temperature in 36.5 (0.3) 36.4 (0.4) 


recovery room (°C) 


In order to assess the validity of Vo,, Vco, and 
RQ measurements in postoperative patients, these 
variables were measured in five healthy volunteers 
before and 20min after a 15-min period of 
inhalation of 50% nitrous oxide in oxygen. Vo, 
Vco, and RQ were identical before and 20 min 
after nitrous oxide inhalation in these healthy 
volunteers. 

Measurements were performed by an inde- 
pendent observer, unaware of the solution ad- 
ministered. The observer recorded also the oc- 
currence of shivering and evaluated patient sed- 
ation and pain on graded scales. Sedation: 1 = 
fully conscious and wake; 2 = drowsy; 3 = mostly 
sleeping but answering to verbal command; 4 = 
sleeping and awaked only by tactile stimulation. 
Pain: 1 = no pain; 2 = mild pain; 3 = moderate 
pain; 4 = severe pain. 

Values are expressed as mean (SD). Data were 
analysed by ANOVA and Scheffé F test to show 
differences at individual time points, and Mann- 
Whitney test for comparison of patient data. 
Fisher’s exact test was used for comparison of 
shivering between the two groups. P < 0.05 was 
considered significant. 


RESULTS 


There was no difference in patient characteristics 
between the two groups (table I). Duration of 
surgery, rectal temperature on arrival in the 
recovery room and time to tracheal extubation 
were comparable for the two groups. Vo, was 
significantly greater in the control group on arrival 
in the recovery room compared with the clonidine 
group and then decreased significantly to reach 
values similar to those of the clonidine group 
60 min later (fig. 1). The changes in Vco, were 
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Fic. 1. Changes in Vo, Vco, and respiratory quotient (RQ) 
(mean, SEM) during recovery from anaesthesia. @ = Control 
group; O = clonidine group. Values are expressed as the mean 
over a 10-min period. * Significant difference (P < 0.05) 
between groups (from the arrival in the recovery room to 

30 min later for Vco, and to 60 min later for Vo,). 


50 60 70 


similar to those of Vo, in the two groups while RQ 
remained constant throughout the study (fig. 1). 
Shivering occurred in five patients in the control 
group, but in only one patient in the clonidine 
group during the first 15 min of the study (ns). 
Shivering was considered mild in the placebo 
group and was minimal in one patient in the 
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Fic. 2. Changes in Vo, (mean, SEM) in shivering (@) and non- 
shivering (^A) patients in the placebo group and non-shivering 
patients in the clonidine group (W). * Significant difference 
(P < 0.05) between shivering patients in the placebo group 
(n = 5) compared with non-shivering patients in the clonidine 
group (n= 9). + Significant difference (P < 0.05) between 
shivering and non-shivering patients in the placebo group. 
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Fic. 3. Changes in the scores (mean, SEM) for sedation and pain 
in the control (@) and clonidine (©) groups. Differences do 
not reach statistical significance (P < 0.1). 


clonidine group. Further analysis of the data 
revealed that values of Vo, were greater in the five 
patients of the placebo group who shivered 
compared with the five non-shivering patients in 
this group or the clonidine group (fig. 2). No 
significant increase in Vo, occurred in the patient 
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Fic. 4. Changes in mean values of systolic arterial pressure 

(SAP) and heart rate (HR) (mean, SBM) in the control (@) and 

clonidine (O) groups. Differences do not. reach statistical 
significance (P < 0.1). 


of the clonidine group who shivered minimally. 
Although no significant difference was measured, 
patients were slightly more sedated but had less 
pain in the clonidine group (fig. 3), while systolic 
arterial pressure and heart rate were slightly less 
in this group (fig. 4). 


DISCUSSION 


In this study we have observed that clonidine was 
associated with a reduction in the increase in Vo, 
and Vco, observed commonly during recovery 
from anaesthesia. This result was associated with 
a decreased incidence in shivering, as documented 
previously [4]. , i 
Measurement of Vo,, according to the Haldane 
equation, assumes that the amount of nitrogen is 
equal in both inhaled and exhaled gas. Excretion 
of anaesthetic gas, especially residual nitrous 
oxide, may therefore lead to an error in measure- 
ment of Vo, [6]. However, we began measure- 
ments at least 20 min after withdrawal of nitrous 
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oxide when its concentration should be less than 
5% of the concentration maintained during 
anaesthesia (50 %)}—that is, less than 2.5% [7]. In 
addition, if there was an error in Vo, and Vco, 
measurements, it should be the same in the two 
groups of patients, so that a comparison between 
groups remains valid. Furthermore, measure- 
ments performed in healthy volunteers with the 
Canopy system and the Deltatrac metabolism 
monitor did not reveal any difference in Vo, and 
Vco, measurements performed before, 20 min, 
30 min and 40 min after inhalation of nitrous 
oxide. 

There are conflicting data on the effect of 
clonidine on postoperative shivering. Flacke and 
colleagues reported that patients with coronary 
artery disease who had received clonidine before 
operation as premedication, and at the end of 
surgery-shivered less commonly than patients in a 
control group. [8]. After administration of 
clonidine in the recovery room, Quintin and 
colleagues also reported that the incidence of 
shivering was decreased [9]. In addition they 
observed that clonidine reduced the degree of 
hypertension and tachycardia observed during 
recovery in a control group and prevented the 
increase in Vo, (calculated from measurements of 
cardiac output and arterial and mixed venous 
oxygen contents) [10]. However, it has been 
reported recently that clonidine failed to change 
postoperative shivering [11, 12]. Nevertheless, in 
both these studies calculated or measured Vo, was 
less in patients who received clonidine, especially 
during the shivering periods, suggesting that the 
degree of shivering was reduced. 

Goldfarb and colleagues also reported that i.v. 
clonidine induced a rapid decrease in Vo, in 
postoperative patients [12]. Although shivering is 
described as visible phenomenon, subclinical 
shivering has been detected using a strain gauge 
or electromyographic recordings [13, 14]. Diffi- 
culties in quantitative analysis of shivering may 
explain, therefore, the observed discrepancies in 
these different studies. ; . 

In our study, the values of Vo, and Vco, were 
about 40% greater in the control group at the 
beginning of measurements compared with those 
in the clonidine group, despite the same tem- 
peratures. As shivering is mainly responsible for 
the increase in Vo, and Vco, during recovery 
from anaesthesia (2, 15], the effect of clonidine on 
Vo, might be related to prevention of shivering. 
Indeed, values of Yo, were comparable in non- 
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shivering patients in both clonidine and placebo 
groups. Nevertheless, clonidine reduces sym- 
pathetic nervous system activity and plasma 
catecholamine concentrations [8, 16-18]. This 
might result in a decrease in whole body meta- 
bolism while the decrease in cardiac output 
related to clonidine [17, 18] leads to a decrease in 
myocardial oxygen consumption. These effects 
may combine in reducing the Vo, and Voo, 
observed after administration of clonidine. 
Furthermore, the analgesic effect of clonidine 
observed previously in postoperative patients 
[19-21] might account partly for the reduction in 
Vo, as Muneyuki and colleagues have dem- 
onstrated that reduction of pain in the post- 
operative period caused a 7-8% decrease in 
Vo, [22]. 
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A COMPARISON OF DEXMEDETOMIDINE, AN ALPHA,- 
ADRENOCEPTOR AGONIST, AND MIDAZOLAM AS I.M. 
PREMEDICATION FOR MINOR GYNAECOLOGICAL 


SURGERY 


R. AANTAA, M.-L. JAAKOLA, A. KALLIO, J. KANTO, M. SCHEININ 


AND J. VUORINEN 


SUMMARY 


The effects of im. dexmedetomidine 1.0 ug kg~', 
a new o,-adrenoceptor agonist, were compared 
with those of im. midazolam 0.08 mg kg and 
placebo on vigilance, anaesthetic requirements, 
haemodynamic state and plasma catecholamine 
concentrations in a double-blind placebo-con- 
trolled study in 107 healthy (ASA physical status 
/-1!) women undergoing cervical dilatation and 
uterine curettage. The premedicants were ad- 
ministered i.m. 60 min before induction of an- 
aesthesia with thiopentone. Nitrous oxide 70% 
in oxygen and thiopentone were used for main- 
tenance. Both premedicants were tolerated well 
and no serious haemodynamic or other adverse 
events occurred, Dexmedetomidine caused 
moderate reductions in arterial pressure (maxi- 
mally by 20%) and heart rate (maximally by 
15%). Atropine was administered to two dex- 
medetomidine-premedicated patients because of 
bradycardia < 45 beat min. Both premedicants 
decreased the plasma concentrations of nor- 
adrenaline by about 50%, but only dexmedeto- 
midine attenuated the catecholamine response 
to anaesthesia and surgery. The thiopentone 
requirements were decreased significantly (P = 
0.003) by both dexmedetomidine (17%) and 
midazolam (19%). Recovery times were 11.3 (SD 
4.2) min after midazolam, 8.5 (5.2) min after 
dexmedetomidine and 5.6 (11.4) min after 
placebo (P =0.006 between midazolam and 
placebo groups, other differences ns). 
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Alpha,-adrenoceptor agonists have aroused in- 
creasing interest as a potentially useful class of 
drugs in anaesthesia [1, 2]. They cause sedation 
and drying of the mouth, potentiate the effects of 
general anaesthetic agents and attenuate sym- 
pathoadrenal responses to noxious stimuli during 
anaesthesia and surgery, thus providing improved 
haemodynamic, metabolic and hormonal stability 
[3]. 

Dexmedetomidine is a new lipophilic imidazole 
derivative [4] with high affinity for o,-adreno- 
ceptors [5]. Its most prominent clinical effects are 
sedation and dry mouth. In animal studies it has 
been shown to possess potent anaesthetic proper- 
ties [6]. In previous studies [7, 8] we have reported 
the effects of a single i.v. injection of dex- 
medetomidine in minor gynaecological surgery: it 
reduced requirement for thiopentone by up to 
55%, with moderate reductions (10-20%) in 
arterial pressure and heart rate and up to 75% 
decreases in plasma concentrations of nor- 
adrenaline. 

In order to study a clinically more convenient 
route of administration for premedication, we 
have compared the effects of im. dexmedeto- 
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midine with midazolam and placebo on vigilance, 
anaesthetic requirements, and haemodynamic 
state during minor gynaecological surgery under 
thiopentone—nitrous oxide anaesthesia. 


MATERIALS AND METHODS 


We studied 108 non-pregnant women undergoing 
cervical dilatation and uterine curettage (D&C) 
(ASA physical status I-II, ages 45.8 (sp 6.3) yr, 
weight 65.8 (10.2) kg (table I)). The patients were 
admitted to hospital only for gynaecological 
reasons (abnormal bleeding) and were not re- 
ceiving any medication. The study was approved 
by the Ethics Committee of Turku University 
Hospital and the Finnish National Board of 
Health. Written informed consent was obtained 
from each patient. 

The patients were allocated randomly to receive 
i.m. either dexmedetomidine 1.0 pg kg (n = 35; 
one patient from the intended 36 was excluded 
because of technical difficulties in the operating 
unit after allocation to group but before treat- 
ment), midazolam 0.08 mg kg! (n = 36) or an 
equal volume (1-2 ml) of 0.9% saline (7 = 36). 
The study was conducted in a double-blind 
fashion, with an independent nurse who prepared 
the drug solutions in coded injection syringes and 
took no further part in the study. 

Patients entered hospital 1 day before scheduled 
surgery. After fasting overnight and at least 
60 min of rest in the supine position, the patients 
were transferred to the operating unit at least 
75 min before D&C. Our studies took place 
between 09:00 and 14:00 and were performed in 
a quiet, dimly lit room with a constant light before 


TABLE I. Patient and operation characteristics (mean (range 





or SD)) 
Age Weight Duration of 
Drug (yr) (kg) surgery (min) 
Saline 
(n = 36) 46.6 (32-59) 66.2 (12.1) 6.6 (2.5) 
Dexmedetomidine 
1.0 mg kg"? 
(n = 35) 46.7 (30-59) 67.3 (9.8) 6.9 (2.7) 
Midazolam 
0.08 mg kg~! i 
(n = 36) 44.1 (33-57) 64.0 (8.6) 6.6 (3.4) 
One-way 
ANOVA 
F 2.1 1.0 0.1 
P 0.133 0.374 0.916 
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and after D&C, which was performed in a 
standard operating theatre. Upon arrival in the 
operating unit, continuous monitoring of the 
electrocardiogram and heart rate (HR) and non- 
invasive recording of systolic (SAP) and diastolic 
(DAP) pressure at 15-min intervals were started 
with an automated oscillometric device (Nippon 
Colin 203Y, Tokyo, Japan). The anaesthetist was 
not aware of the results of these measurements, 
which were recorded by an independent research 
nurse. An antecubital vein on the left arm was 
cannulated for administration of the anaesthetic 
(2.5% thiopentone) and collection of blood 
samples. Blood samples were collected 5 min 
before and 45 min after premedication, and at the 
end of D&C and 30, 60 and 180 min after recovery 
from anaesthesia for measurement of plasma 
concentrations of noradrenaline and adrenaline 
from the first 48 patients (n = 16 each group). 
Dexmedetomidine, midazolam or saline was 
administered i.m. in the left vastus lateralis muscle 
60 min before induction of anaesthesia. Anaes- 
thesia was induced with thiopentone in small 
increments of 25-50 mg at 10-15 s intervals and 
the induction dose (enough to suppress the eyelash 
reflex) was recorded [9]. Anaesthesia was main- 
tained with 70% nitrous oxide in oxygen 9 litre 
min“! via a modified Mapleson F system. If 
spontaneous movements occurred, additional bo- 
lus doses of thiopentone 25 mg were given. The 
time needed to regain consciousness (i.e. when the 
patient opened her eyes at verbal command) after 
the termination of nitrous oxide was recorded. 
After the D&C and recovery from anaesthesia, 
the patients were observed and tested for 3h. 
Impairment of vigilance was assessed objectively 
with the Maddox wing (which measures the 
balance of the extraocular musculature [10]) and 
the critical flicker fusion test [11].Visual analogue 
scales (VAS) (patient marking on a 100-mm 
ungraded horizontal line with opposite extremes 
at each end) were used to obtain subjective 
estimates [12] of fear, anxiety, dizziness, tiredness, 
dryness of mouth, nausea, headache and pain. 
The patients were familiarized with the use of the 
Maddox wing and critical flicker fusion apparatus 
and the VAS on the day before surgery, and they 
were urged to report any possibly drug-related 
subjective sensations immediately. VAS and a 
questionnaire to record other subjective sensa- 
tions were repeated 15 and 1 min before, and 15, 
30 and 45 min after premedication and 10, 30, 60, 
120 and 180 min after recovery from anaesthesia. 
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A question on intraoperative awareness was 
included in the questionnaire after recovery from 
anaesthesia. 

Blood for the chemical determinations was 
collected into chilled polypropylene tubes with 
K,EDTA and stored in ice until centrifuged 
within 2h at 0-4°C. The plasma samples were 
stored at —70 °C until assayed. 

Plasma concentrations of catecholamines were 
measured using high pressure liquid chromato- 
graphy with electrochemical detection (HPLC- 
EC) [13]. The reproducibility of the assay was 
tested using pooled plasma samples from previous 
clinical studies, and the resulting intra-assay 
coefficients of variation were less than 2% for 
noradrenaline, and approximately 10 % for adren- 
aline in the relevant concentration ranges. All 
samples from one experimental session were 
analysed in one assay. 


Statistical analysts 

Statistical analysis was performed using one- 
way analysis of variance (ANOVA) or either 
analysis of variance or analysis of covariance 
(ANCOVA) for repeated measurements with one 
between factor (drug) and one within factor 
(time). The ANOVA for repeated measurements 
on VAS, the Maddox wing and critical flicker 
fusion data were performed over two periods of 
time, separated by the surgical procedure. Nor- 
adrenaline and adrenaline data were analysed with 
ANOVA for repeated measurements over the 
whole observation period. The data on VAS, 
noradrenaline and adrenaline were log-trans- 
formed in order to achieve normality of the 
residuals in ANOVA for repeated measurements. 
Haemodynamic data were analysed over three 
periods of time: from the beginning of the study 
until induction of anaesthesia (ANOVA for re- 
peated measurements), the time during the sur- 
gical procedure (ANCOVA for repeated measure- 
ments with Wald-type asymptomatic chi-square 
testing, because of incomplete data), and from the 
end of the operation until the end of the 
observation period (ANOVA for repeated 
measurements). Greenhouse-Geisser adjusted 
probability values were used when pooled or- 
thogonal components showed non-sphericity. 
When a statistically significant drug effect or 
drug x time interaction was found, the analysis 
was continued by calculating contrasts for each 
pair of drugs using the Bonferroni correction for 
multiple comparisons [14]. P < 0.05 was con- 
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sidered statistically significant. The statistical 
analysis was performed using BMDP (BMDP 
Statistical Software Inc, CA, U.S.A.) and SAS 
(SAS Institute Inc., NC, U.S.A.) statistical 
programs. The results in the text are given as 
means (SD). 


RESULTS 


The three groups were equal in weight, age and 
duration of surgery (table I). Dexmedetomidine 
and midazolam were tolerated well and none of 
the patients experienced local irritation at the 
injection site. However, two patients in the dex- 
medetomidine group received atropine 0.5 mgi.v. 
because of sinus bradycardia < 45 beat min™, one 
during D&C (baseline HR 55 beat min~!) and the 
other (baseline HR 57 beat min`!) approximately 
60 min after recovery. In both patients, brady- 
cardia responded to atropine. None of the subjects 
reported awareness during anaesthesia. 

The patients who had received midazolam were 
subjectively more tired before induction of an- 
aesthesia than those in the placebo group, but 
there were no significant differences between the 
dexmedetomidine and midazolam groups or be- 


Taste II. Analysis of variance for repeated measurements 

with drug (dexmedetomidine, midazolam and placebo) as 

between factor and time as within factor on subjective tiredness, 

Maddox wing readings and critical flicker fusion frequency. 
For comparisons between groups, see figure I 


Factor 1 Factor2 Inter- 
(drug) (time) action 
Beginning of study to 
induction of anaesthesia 
Tiredness 
F 7.4 70.1 2.7 
P 0.001 < 0.001 0.028 
Maddox wing 
F 4.9 13.0 14.7 
P 0.010 «0.001 «0.001 
Critical flicker fusion 
F 0.2 6.3 3.1 
P 0.835 0.014 0.051 
End D&C until 
end of study 
Tiredness 
F 5.4 61.5 3.2 
P 0.006 < 0.001 0.014 
Maddox wing 
F 2.8 T71.6 1.0 
P 0.066 < 0.001 0.408 
Critical flicker fusion 
F . 0.02 2.6 0.5 
P 0.984 0.084 0.729 
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Fic. 1. Mean VAS scores for subjectively estimated tiredness 
and the Maddox wing readings in diopters (D) after saline (O), 
midazolam 0.08 mg kg™! (@) or dexmedetomidine 1.0 ug kg 
(A). R = Recovery from anaesthesia. Significant differences: 
*P < 0.05; **P < 0.01; ***P < 0.001 (a = dexmedetomidine 
vs placebo; b = dexmedetomidine vs midazolam; c = midaz- 
olam vs placebo). 


tween the dexmedetomidine and placebo groups 
in sedation at that time (table II, fig. 1) After 
D&C, patients in the dexmedetomidine group 
were subjectively more tired than those in the 
placebo group, but no more tired than those in the 
midazolam group until the end of the study (table 
II, fig. 1). Patients in the midazolam group were 
not significantly more tired than those in the 
placebo group after D&C (fig. 1). 

The Maddox wing readings revealed a stat- 
istically significant difference between the midaz- 
olam and dexmedetomidine groups and between 
the midazolam and placebo groups, but not 
between the dexmedetomidine and placebo 
groups before induction of anaesthesia (table II, 
fig. 1). There were no significant differences 
between the groups in critical flicker fusion 
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TABLE III. The mean (SD) required thiopentone doses after 
saline placebo, dexmedetomidine 1.0 ug kg’ and midazolam 
0.08 mg kg! for D&C 





Induction Maintenance Total 
Drug dose (mg) dose (mg) dose (mg) 
Saline 
(n = 36) 300 (82) 122 (74) 422 (98) 
Dexmedetomidine 
(n = 35) 241 (68) 109 (66) 350 (93) 
Midazolam 
(n = 36) 210 (74) 133 (79) 343 (121) 
ANOVA 
F 13.3 0.9 6.1 
P < 0,001 0.409 0.003 





TABLE IV. Analysis of variance and covariance for repeated 
measurements with drug (dexmedetomidine, midazolam and 
placebo) as between factor and time as within factor over three 
different time periods on SAP, DAP and HR. For 
comparisons between groups, see figure 2 





Factor 1 Factor 2 Inter- 
(drug) (time) action 
Beginning of study to 
induction of anaesthesia 
(ANOVA) 
SAP 
F 8.4 39.4 3.4 
P < 0.001 0.008 0.004 
DAP 
F 3.6 13.2 1.0 
P 0.032 < 0,001 0.395 
HR 
F 1.0 1.9 0.7 
P 0.357 0.143 0.614 
During D&C 
(ANCOVA) 
SAP 
x? 11.0 80.8 2.7 
P 0.004 < 0.001 0.610 
DAP 
x? 4.6 73.9 2.9 
P 0.103 < 0.001 0.582 
HR 
x? 14.9 5.9 7.7 
P 0.001 0.054 0.104 
End of operation to 
end of the study 
(ANOVA) 
SAP 
F 17.6 31.0 15 
P < 0.001 < 0.001 0.123 
DAP 
F 18.7 31.0 2.1 
P < 0.001 < 0.001 0.007 
HR 
F 11.9 28.0 1.0 
P < 0,001 < 0.001 0.478 
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Fig. 2. Mean values of SAP, DAP and HR. Symbols as in figure 1. I = Induction of anaesthesia; E = 
end of the operation; R = recovery from anaesthesia. (Note different time scale during anaesthesia.) 


frequency before induction of anaesthesia or in 
critical flicker fusion frequency and the Maddox 
wing readings after D&C (table II, fig. 1). 
There were no clinically significant differences 
between the groups in subjective assessment of 
fear, anxiety, dizziness, dryness of mouth, nausea, 
headache or pain before premedication, after the 
premedication but before D&C, or after D&C. 
The average values for VAS were small and 
remained less.than 15 mm in each group through- 
out the study period at all assessments. Six 


patients (two in each group) required analgesic 
supplementation after D&C (oxycodone 5 mg i.v. 
and 5 mg i.m.). 

The thiopentone dose needed for induction of 
anaesthesia was significantly less in the dex- 
medetomidine (241 (68)mg) and midazolam 
groups (210 (74) mg) than in the placebo group 
(300 (82) mg; P = 0.004 for dexmedetomidine vs 
placebo and P < 0.001 for midazolam vs placebo 
in pairwise comparisons), but the difference 
between the two first groups was not significant in 
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a pairwise comparison. The total dose was 
decreased similarly: P = 0.016 for dexmedeto- 
. midine vs placebo, P = 0.006 for midazolam vs 
placebo, and no significant difference between 
dexmedetomidine and midazolam in pairwise 
comparisons. There were no differences in the 
maintenance dose of thiopentone (P = 0.409 in 
one-way ANOVA) (table ITI). 

There were significant differences between the 
groups in recovery time (P = 0.008 in one-way 
ANOVA): the mean time needed for recovery 
after the termination of nitrous oxide was twice as 
long in those patients pretreated with midazolam 
(11.3 (4.2) min) than in those pretreated with 
placebo (5.6 (11.4) min) (P = 0.006 in pairwise 
comparisons). The mean recovery time was 8.2 
(5.2) min in the dexmedetomidine group (not 
statistically different from those of the two other 
groups). 

SAP was significantly lower after dexmedeto- 
midine and midazolam premedication than after 
placebo treatment before induction of anaesthesia 
(table IV, fig. 2). During D&C the patients in the 
dexmedetomidine group had significantly smaller 
SAP than those in the midazolam group. SAP was 
lower in the dexmedetomidine-treated patients 
than in those in the two other groups after D&C 
until the end of the study. 

The patients in the midazolam group had 
significantly lower DAP than those in the placebo 
group before induction of anaesthesia, but there 
were no significant differences between the groups 
during D&C (table IV, fig. 2). After D&C, 
patients in the dexmedetomidine group had 
significantly lower DAP than those in the other 
two groups. 

There were no significant differences between 
the groups in HR before induction of anaesthesia 
(table IV, fig. 2). During D&C and until the end 
of the study, HR was constantly significantly less 
in the dexmedetomidine group than in the two 
other groups. 

Plasma concentrations of noradrenaline and 
adrenaline were significantly less in the dexmede- 
tomidine group than in the two other groups (P < 
0.001 in overall ANOVA) (fig. 3). There was a 
parallel decline in the plasma concentrations of 
noradrenaline after dexmedetomidine and midaz- 
olam, while no change occurred in the placebo 
group. An increase in plasma concentrations of 
noradrenaline. after D&C occurred only in the 
placebo and midazolam groups. Similarly, an 
increase. in the plasma concentrations of adren- 
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aline after D&C occurred in the placebo and 
midazolam groups only (P = 0.015 in overall 
ANOVA) (fig. 3). 


DISCUSSION 


I.m. administration of premedication is a con- 
venient route of drug delivery in adults. Most 
premedicants are absorbed rapidly and reliably 
after i.m. administration, thus providing a rapid 
onset of action [15]. Midazolam is absorbed and 
eliminated rapidly after i.m. injection: max is 
approximately 30 min and T} approximately 1.5 h 
[16, 17]. Dexmedetomidine is absorbed less 
rapidly than midazolam after i.m. administration 
and has a tmax of approximately 1.5 h and7j? of 
approximately 2 h in the relevant dose range [data 
on file, Farmos Group Ltd, Turku, Finland]. 
As expected from the pharmacokinetic data and 
previous clinical reports [16, 18, 19], the sedative 
effects of midazolam in the present study were 
noted 15 min after injection of drug, indicating 
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rapid absorption of drug. I.m. midazolam pro- 
duced satisfactory sedation before surgery. This 
was seen both in the subjective assessment and in 
the Maddox wing readings which were used as an 
objective measure of vigilance. Although there 
was some increase in the subjective assessment of 
tiredness after dexmedetomidine, it was not 
statistically significantly different from that after 
placebo. Thus the dexmedetomidine dose may 
have been too small or the drug may have had too 
slow an onset of action to produce adequate 
sedation during the 60-min observation period 
before surgery (fig. 1). 

Benzodiazepines effectively reduce preoper- 
ative anxiety [15]. In a previous study, pre- 
medication with clonidine 300 pg by mouth 
significantly decreased preoperative anxiety [20]. 
In the present investigation, however, there was 
no effect on anxiety after either dexmedetomidine 
or midazolam. A preaperative visit by the an- 
aesthetist (performed during the present study) is 
known to reduce preoperative anxiety effectively 
[21]. Moreover, D&C is a minor gynaecological 
operation, and patients in the ward rarely show 
apprehension. Consequently, the initial anxiety, 
as assessed by the patients themselves, was 
minimal on arrival in the operating unit; thus it 
was difficult to demonstrate anxiolysis after pre- 
medication. 

The amount of thiopentone required for the 
induction of anaesthesia was decreased after 
dexmedetomidine and midazolam. Clonidine has 
been shown to decrease MAC for volatile anaes- 
thetics and opioid requirements during coronary 
bypass surgery [22,23], and to reduce the in- 
duction dose of thiopentone [24], propofol [25] 
and methohexitone [20]. We have previously 
demonstrated reductions of up to 55% in thio- 
pentone requirement after i.v. dexmedetomidine 
in minor gynaecological surgery [7, 8]. Similarly, 
midazolam premedication decreases MAC for 
halothane when used as an i.v. premedicant [15]. 
The reduction in anaesthetic requirements pro- 
duced by a,-adrenoceptor agonists is believed to 
be caused by actions on both pre- and post- 
synaptic inhibitory a,~adrenoceptors in the cen- 
tral nervous system [26], whereas the hypnotic 
effects of benzodiazepines are related to facili- 
tation of GABAergic inhibitory neurotrans- 
mission in the central nervous system [27]. 

In a previous investigation, oral premedication 
with clonidine prolonged recovery times during 
total i.v. propofol anaesthesia for body surface 
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surgery [25]. In the present study, the time 
needed to regain consciousness after anaesthesia 
was increased significantly after midazolam but 
not after dexmedetomidine. In contrast, in spite 
of the decreased thiopentone requirements, the 
patients in the dexmedetomidine group were 
subjectively more tired at the end of the ob- 
servation period (4h after the drug administra- 
tion) than those in the two other groups (fig. 1). 
Thus, although there were no significant differ- 
ences in the objective evaluation of vigilance, the 
increased tiredness after dexmedetomidine and 
the prolonged recovery time after midazolam 
indicate that both drugs have undesirably long 
sedative actions when administered i.m. in the 
doses used (dexmedetomidine 1.0 ug kg and 
midazolam 0.08 mg kg~2). 

In the present study, the plasma concentrations 
of noradrenaline decreased initially, by approxi- 
mately 50%, after dexmedetomidine and midaz- 
olam, but only dexmedetomidine prevented the 
increase in the plasma concentrations of nor- 
adrenaline caused by anaesthesia and surgery (fig. 
3). The small increase in the plasma concen- 
trations of adrenaline, which occurred in the 
placebo and midazolam groups after anaesthesia 
and surgery, was attenuated also only in the 
dexmedetomidine-pretreated patients (fig. 3). The 
reduction in plasma concentrations of nor- 
adrenaline produced by dexmedetomidine is 
caused by inhibition of the release of nor- 
adrenaline from sympathetic nerve endings [28]. 
The activation of inhibitory a,-adrenoceptors by 
dexmedetomidine seems to prevent the stress- 
induced increases in plasma concentrations of 
noradrenaline and adrenaline. Benzodiazepines 
have also been shown previously to reduce 
neuronal release of noradrenaline and plasma 
concentrations of noradrenaline [29, 30]. How- 
ever, midazolam did not inhibit the stress-induced 
increase in plasma concentrations of catechol- 
amines in the present study. 

The moderate reductions in arterial pressure 
(15-20%) and heart rate (10-15%) after dex- 
medetomidine found in the present study are 
consistent with our previous observations [7, 8] 
and are related to the decline in sympathetic 
nervous activity [31]. Two dexmedetomidine- 
pretreated patients required atropine for sinus 
bradycardia, which indicates that an anticholin- 
ergic agent may be needed with i.m. dexmedeto- 
midine, especially if the patient has a low baseline 
HR. 
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EFFECTS OF ADENOSINE TRIPHOSPHATE ON THE 
CARDIOVASCULAR RESPONSE TO TRACHEAL 


INTUBATION 


K. MIKAWA, N. MAEKAWA, H. KAETSU, R. GOTO, H. YAKU 


AND H. OBARA 


SUMMARY 


Laryngoscopy and tracheal intubation often 
cause hypertension and tachycardia, which may 
be exaggerated during rapid-sequence induction 
of anaesthesia. The efficacy of adenosine 
triphosphate (ATP) in attenuating this response 
was studied in patients receiving ATP 
0.05 mg kg" or 0.1 mg kg~' simultaneously with 
the start of laryngoscopy. These data were 
compared with those for a control group re- 
ceiving saline. Each group consisted of 10 
patients undergoing elective surgery. Anaesthesia 
was induced with thiopentone 5 mg kg™' i.v. and 
tracheal intubation was facilitated with 
vecuronium 0.2 mg kg i.v. During anaesthesia, 
ventilation was assisted or controlled with 1% 
enflurane and 50% nitrous oxide in oxygen. 
Patients receiving saline showed a significant 
increase in mean arterial pressure and 
rate-pressure product associated with tracheal 
intubation. These increases after tracheal in- 
tubation were reduced in ATP-treated patients 
compared with those of the control group 
(P < 0.05). The data suggest that a bolus injection 
of ATP is a simple, practical and effective method 
for attenuating the hypertensive response to 
laryngoscopy and tracheal intubation. 


KEY WORDS 


Arterial pressure: adenosine triphosphate. Complications: 
hypertension. Intubation, tracheal: haemodynamic response. 


Laryngoscopy and tracheal intubation often pro- 
voke a marked sympathetic response, which may 
result in hypertension, tachycardia and arrhyth~- 
mia [1-3]. Such cardiovascular disturbances, 
although transient, may be dangerous in some 
patients, particularly those suffering from myo- 
cardial or cerebrovascular disease. Several phar- 


macological attempts have been made to control 
this stress response to laryngoscopy and intu- 
bation [1]. They include low doses of fentany], 
local anaesthetic, and a- or B-adrenergic blocking 
agents [1]. Vasodilating agents such as sodium 
nitroprusside [4], nitroglycerin [5], isosorbide 
dinitrate [6] and prostaglandin E, [7] have also 
been shown to be effective for this purpose. The 
present study was designed to evaluate the efficacy 
of a single rapid administration of adenosine 
triphosphate (ATP) in attenuating the pressor 
response to laryngoscopy and intubation. 


PATIENTS AND METHODS 


This study was approved by the Human 
Investigation Committee of Kobe University 
School of Medicine and informed consent was 
obtained from all patients after a full explanation 
of the study. The present study consisted of two- 
experimental plans, based on those used by 
Stoelting [4] and Mikawa and co-workers [8, 9]. 


Part 1 study 


. We studied 20 patients (ASA physical status I) 
to determine the time course and magnitude of 
arterial pressure (AP) and heart rate (HR) changes 
after a single rapid i.v. injection of ATP (Adethos, 
Kowa, Japan) during anaesthesia but in the 
absence of stimulation produced by intubation. 
Anaesthesia was induced with thiopentone 
5 mg kg? and the trachea was intubated after 
vecuronium 0.2mgkg 1. Anaesthesia was 
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TABLE I. Patient data (mean (range or SEM)). No significant differences (P > 0.05) 


Part 1 study groups 


Part 2 study groups 








ATP ATP ATP ATP 
0.05 mg kg! 0.1 mg kg" Control 0.05 mg kg“ 0.1 mg kg™! 
No. patients 10 10 10 10 10 
Sex (M:F) 3:7 4:6 4:6 3:7 3:7 
Age (yr) 47.0 (31-63) 45.6 (27-60) 47.9 (32-65) 46.5 (30-59) 48.1 (31-64) 
Weight (kg) 57.2 (3.3) 56.4 (3.0) 57.4 (3.5) 58.1 (3.7) 55.3 (3.9) 





maintained with 1% enflurane and 50% nitrous 
oxide in oxygen for elective surgery and end-tidal 
carbon dioxide (PE'co,) was measured by Datex 
Capnometer (Datex, Helsinki, Finland). Ven- 
tilation was controlled to maintain PE'co 
4.2-4.9kPa. Twenty patients were allocat 
randomly to groups A and B (table I). After AP 
and HR had stabilized, patients received ATP 
0.05 mg kg“! (group A) or 0.1 mg kg“ (group B) 
as a single rapid i.v. injection. MAP was recorded 
continuously via a radial artery catheter. A 
unipolar electrocardiogram (ECG) lead II was 
displayed continuously on a cardiac monitor, and 
15-s recordings were taken at each measurement 
period. All measurements were completed before 
surgical incision of the skin. 


Part 2 study 


We studied 30 normotensive patients (ASA 
physical status I) to determine the effect of prior 
administration of ATP on the cardiovascular 
responses to tracheal intubation. Stoelting 
reported that AP typically began to increase after 
about 15 s of laryngoscopy and became maximal 
after 30-45 s of direct laryngoscopy [10]. Fur- 
thermore, it has been documented that the 
maximum increase in MAP in response to 30 s of 
laryngoscopy followed by intubation was noted 
15s after intubation (45s after starting laryn- 
goscopy) [6] consistent with  Stoelting’s 
observations [10]. Based on the previously de- 
termined time course of MAP change following 
ATP, it was predicted that ATP administered 
simultaneously with the beginning of laryngoscopy 
would match the hypotensive effects of the drug 
with the onset and duration of increase in AP 
produced by laryngoscopy and tracheal intu- 
bation. No subject had received sedatives or anti- 
hypertensives. The patients were allocated 
randomly to three groups of 10: group C = saline 
(control group); group D = ATP 0.05 mg kg? 
i.v.; group E = ATP 0.1 mgkg™ i.v. Premedi- 


1% Enflurane and 


e-Preoxygenation »k— 50% N20 In oxygen-——» 


Laryngoscopy for 
tracheal Intubation 


-3 -2 -1 0- 1 2 3 4 5 
Time (min) 





Thiopentone 
5 mg kg`! + or 
vecuronium 
0.2 mg kg? 
Fic. 1. Schematic diagram of the programme for the part 2 
study to examine the effects of adenosine triphosphate (ATP) 
on cardiovascular changes after laryngoscopy and tracheal 
intubation. Shaded area denotes duration of laryngoscopy and 
intubation. ATP or saline was injected simultaneously with 
the start of laryngoscopy for tracheal intubation. 


cation consisted of diazepam 0.1mgkg? by 
mouth 1 h and atropine 0.01 mg kg“ i.v. 30 min 
before induction of anaesthesia, respectively. The 
experimental programme is shown in figure 1. 
On arrival of the patient in the operating room, 
a radial arterial catheter was inserted under local 
anaesthesia for continuous monitoring of MAP. 
HR was calculated from a 15-s portion of the ECG 
(lead II). After stabilization of AP and HR, while 
the patient breathed 100% oxygen via a mask for 
3 min, anaesthesia was induced with thiopentone 
5 mg kg™ followed by vecuronium 0.2 mg kg™ to 
facilitate tracheal intubation. Two minutes after 
administration of thiopentone and vecuronium, 
direct laryngoscopy was attempted, and tracheal 
intubation was completed within 30s in all 
patients with the aid of a standard Macintosh 
laryngoscope blade. Either ATP 0.05 mg kg, 
ATP 0.1 mg kg™!.or saline (control) was injected 
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Time after adenosine triphosphate (min) 
Fig. 2. Changes in mean arterial pressure (O, @) and heart rate (A, A) (mean, SEM) after a single rapid 
i.v. injection of ATP 0.05 mg kg~! (O, A) and 0.1 mg kg (@, A) without concomitant laryngoscopy 
for intubation or surgery. P < 0.05: * os basal value; + 0.05 mg kg™! vs 0.1 mg kg*?. 


rapidly via a peripheral i.v. cannula simul- 
taneously at the start of direct laryngoscopy (2 min 
after thipentone—-vecuronium). All intubations 
were performed by one of the authors (K.M.) who 
was unaware of the nature of the injection. During 
anaesthesia, ventilation was assisted or controlled 
with 1% enflurane and 50% nitrous oxide in 
oxygen. PE'co, was maintained at 4.1-5.0 kPa, as 
measured using a Datex Capnometer by means of 
a catheter placed in the nostril until after the 
insertion of the tracheal tube, when sampling took 
place from T-piece connected to the tube. Serial 
HR and AP measurements were obtained immedi- 
ately before induction and 1, 2, 2.5, 2.75, 3, 3.5, 4, 
4.5 and 5 min after induction. The MAP, HR and 
the rate—pressure product (RPP) were compared 
with preinduction (basal) measurements within 
the same study groups and with corresponding 
measurements among the three groups (groups 
C-E). 


Statistical analysis 


Data were analysed by analysis of variance 
followed by Bonferroni’s modification of £ test. 
P < 0.05 was deemed significant. 


RESULTS 

Part 1 study 

Figure 2 indicates the time course and mag- 
nitude of MAP and HR changes after a single 
i.v. administration of ATP 0.05mgkg? and 
0.1 mgkg™ in patients anaesthetized with 
enflurane and nitrous oxide in oxygen in the 
absence of stimulation produced by laryngoscopy. 


The magnitude of the decrease in MAP after ATP 
was influenced by the dose of ATP, while the 
onset of the decrease was not. MAP began to 
decrease 30 s after administration of ATP and was 
maximal after 45 s, with a return toward basal 
value apparent by 1.5 min and complete after 
4min (fig. 2.). HR did not differ significantly 
between the two doses. 


Part 2 study 


The five groups of the present study were 
comparable in age, weight and gender (table I). 
There was no significant difference among the 
three groups in MAP immediately before the start 
of laryngoscopy and at preinduction time (fig. 3). 
In response to laryngoscopy and intubation, 
MAP increased significantly in the control group, 
while the increase was significantly less in the 
ATP-treated groups. Administration of ATP 
0.1 mg kg™ had a greater inhibitory effect on the 
increase in MAP associated with intubation than 
ATP 0.05 mg kg™!. Although there was an in- 
crease in HR after induction and immediately after 
tracheal intubation in the three groups, there was 
no significant difference in HR among the three 
groups at any time (fig. 4). However, RPP was 
significantly smaller in ATP 0.05 or 0.1 mg kg™! 
treated groups compared with control after laryn- 
goscopy and intubation. ATP 0.1 mg kg™ also 
had a greater inhibitory effect on the increase in 
RPP after intubation than did ATP 0.05 mg kg". 

No abnormalities in ECG were observed in any 
of the three groups. During this study, no patients 
were so hypotensive as to require pressor drugs. 
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Fic. 3. Changes in mean arterial pressure (mean, SEM) after thiopentone—vecuronium and in response to 
laryngoscopy and tracheal intubation with prior ATP 0.05 mg kg™ (O), 0.1 mg kg"! (@) or saline 
control ([[]), administered i.v. simultaneously with the start of laryngoscopy. The stippled area denotes 
duration of laryngoscopy and tracheal intubation. P < 0,05: * vs control; + 0.05 mg kg-! vs 0.1 mg kg™!. 
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Fic. 4. Changes in heart rate (mean, SEM) after thipentone—-vecuronium and in response to laryngoscopy 

and tracheal intubation with prior ATP 0.05 mg kg (O), 0.1 mg kg! (@) or saline control (O). The 

stippled area denotes duration of laryngoscopy and tracheal intubation. No difference among the three 
groups at any time; * P < 0.05 vs basal value within group. 


DISCUSSION 


This controlled, comparative and randomized 
study sought firstly to examine the time course 
and magnitude of AP and HR changes after 
administration of ATP during anaesthesia and, 
secondly, to assess its value in attenuation of the 


pressor response to tracheal intubation. Since the 
report by Somlo in 1955 [11] ATP, which has 
negative chronotropic and dromotropic effects on 
the heart [12, 13], has been used for treatment of 
paroxysmal supraventricular tachycardia [14, 15]. 
In recent years there has been a growing interest 
in ATP, which is a potent vasodilator, as an agent 
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for controlled hypertension [16], and ATP has 
also been used for this purpose in patients [17, 18]. 
Although the precise mechanism of the vaso- 
dilator action of ATP is still unknown, it has been 
suggested that adenosine, to which parenterally 
administered ATP is degraded by phosphatases, 
mediates the vasodilator effect of ATP [19, 20]. 

This study has confirmed previous reports that 
intubation of the trachea following thiopentone 
and a neuromuscular blocking agent is associated 
with significant increases in HR and MAP. ATP 
in doses of 0.05 mg kg™ and 0.1 mg kg™ attenu- 
ated the increases in MAP and RPP after tracheal 
intubation compared with those of the control 
group, and the inhibitory effect was greater at 
doses of 0.1 mg kg. As with other vasodilators 
which have been reported to exert no effect on the 
increase in HR associated with tracheal intu- 
bation, ATP failed to prevent tachycardia caused 
by laryngoscopy and intubation, despite the direct 
negative chronotropic effect of the agent. This 
negative chronotropic effect seems to have been 
masked by baroreceptor reflexes stimulated by 
hypotension. Because HR is a major determinant 
of myocardial oxygen supply and consumption, 
this effect may limit the usefulness of the drug. 

The onset and duration of action of ATP were 
rapid and transient and there were no patients in 
the present study who had profound hypotension 
regardless of ATP doses, therefore it may be an 
appropriate drug to attenuate the hypertensive 
response to tracheal intubation. 

ATP dilates coronary vessels, probably 
resulting in increased coronary blood flow (CBF) 
[21] and this may be an advantage in comparison 
with other drugs. In the second part of this study, 
reduction in diastolic AP was not so great in 
patients receiving ATP as to be a likely risk factor 
in myocardial ischaemia (55mm Hg was the 
minimum diastolic AP in ATP-treated groups). 
RPP was attenuated after ATP. The maximum 
mean RPP after intubation in the ATP 0.1 mg kg™! 
group was 16767 mm Hg beat min“. Although 
this value is similar to an RPP of 17916 and 15868 
mm Hg beat min in response to intubation in 
patients given hydralazine [22] and buprenorphine 
[23] before induction, respectively, it is still 
increased indicating that myocardial oxygen de- 
mand is high enough to be a risk factor in patients 
with coronary artery disease. 


In conclusion, we have shown that a single 
rapid i.v. administration of ATP is a practical 
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method of attenuating the hypertensive response 
to tracheal intubation without an excessive de- 
crease in diastolic AP. We recommend the use of 
ATP 0.1 mgkg™ as a supplement during in- 
duction for reducing the pressor response to 
intubation on the basis of RPP and MAP after 
intubation. 
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EFFECTS OF PINDOLOL ON THE CARDIOVASCULAR 
RESPONSE TO TRACHEAL INTUBATION 


K. MIKAWA, N. MAEKAWA, R. GOTO, H. KAETSU, M. HASEGAWA, 


H. YAKU AND H. OBARA 


SUMMARY 


Laryngoscopy and tracheal intubation often 
cause hypertension, tachycardia and arrhythmias, 
which may be exaggerated during rapid-se- 
quence induction of anaesthesia. We have stud- 
ied the efficacy of pindolol in attenuating the 
cardiovascular responses to laryngoscopy and 
intubation in patients receiving  pindolol 
2ugkg"' or 4ug kg! 3min before induction 
of anaesthesia in a double-blind design. The 
data were compared with those in a control 
group receiving saline. Each group consisted 
of 10 patients undergoing elective surgery. 
Anaesthesia was induced with thiopentone 
5mgkg iv. and tracheal intubation was 
facilitated with vecuronium 0.2:mg kg™'. Patients 
receiving saline showed a significant increase in 
mean arterial pressure and heart rate associated 
with tracheal intubation. These increases after 
tracheal intubation were reduced in pindolol 
4 ug kg" treated patients compared with those 
in the control group (P<0.05). Pindolol 
2 ug kg attenuated tachycardia in response to 
intubation but did not affect hypertension. These 
data suggest that a bolus injection of pindolol 
4ug kg! is a simple, practical and effective 
method for attenuating cardiovascular responses 
to laryngoscopy and tracheal intubation. 


KEY WORDS 


Arterial pressure: pindolol. Complications: hypertension. 
Intubation, tracheal: haemodynamic response. 


Laryngoscopy and tracheal intubation often pro- 
voke a marked sympathetic response, resulting in 
hypertension and tachycardia [1—4]. Although 
transient, this response may be deleterious. In 
patients with coronary artery disease (CAD) or 
those with risk factors for CAD, myocardial 
ischaemia may occur during the induction- 


intubation sequence [5]. Furthermore, such car- 
diovascular disturbances may be dangerous in 
patients suffering from cerebrovascular disease. 

Many techniques and pharmacological agents 
have been described for control of hypertension 
or tachycardia associated with intubation [1, 6-9]. 
Among these, many authorities have advocated the 
use of B-adrenergic blocking agents, such as 
propranolol [10], esmolol [11], metoprolol [12] 
and labetalol [13]. The present study was designed 
to evaluate the efficacy of another B-adrenergic 
antagonist, pindolol, in attenuating the 
haemodynamic responses to laryngoscopy and 
intubation. 


PATIENTS AND METHODS 


This randomized, placebo-controlled and double- 
blind study was approved by the Human 
Investigation Committee of Kobe University 
School of Medicine and informed consent was 
obtained from all patients after a full explanation 
of the study. 

The study group consisted of 30 normotensive 
patients (table I) (ASA physical status I) 
undergoing elective surgery. The patients were 
allocated randomly to three groups of 10: group 
A = saline i.v. (control group); group B= 
pindolol (Carvisken, Sandoz, Japan) 2 ug kg™! i.v.; 
group C = pindolol 4 ug kg! i.v. Premedication 
consisted of diazepam 0.1 mg kg by mouth 1h 
and atropine 0.01 mg kg™i.m. 30min before 
induction of anaesthesia. The experimental pro- 
gramme is shown in figure 1. 
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TABLE I. Patient data (mean (range or SEM)). No significant 
differences (P > 0.05) 





Control Pindolol Pindolol 
(saline) 2 pg kg“ 4 ug kg? 
No. patients 10 10 10 
Sex (M: F) 3:7 3:7 4:6 
Age (yr) 43.4 (25-57) 44.7 (26-58) 45.1 (24-57) 
Weight (kg) 57.6 (3.6) 59.5 (3.8) 56.7 (3.6) 


1% Enflurane and 


|.Preoxygenation 50% N20 in oxygen | 





Pindolol Laryngoscopy for 

or tracheal intubation 
gis 4 

Per C7 E i T a] 


Time (min) 


Thiopentone 

5 mg kg"! + 

vecuronium 

0.2 mg kg™? 
Fic. 1, Schematic diagram of the study to examine the effects 
of pindolol on cardiovascular changes following laryngoscopy 
and tracheal intubation. Shaded area denotes duration of 
laryngoscopy and intubation. Pindolol or saline was injected 
5 min before the start of laryngoscopy for tracheal intubation. 


Pindolol is a non-selective B-adrenergic ant- 
agonist exhibiting prominent intrinsic sympatho- 
mimetic activity (ISA). The ISA causes mild 
vasodilating properties, making this drug useful 
in the treatment of hypertension [14]. Compared 
with B-adrenergic antagonists devoid of ISA, 
such as propranolol and practolol, pindolol is less 
likely to cause myocardial depression, resting 
severe bradycardia, or a reduction in cardiac 
output. Thus pindolol is usually preferred for 
individuals with diminished cardiac reserve or a 
propensity for bradycardia [14]. The agent blocks 
exercise-induced increases in heart rate (HR) 
[14]. 

The rationale for administration of pindolol 
5min before the stimulus of laryngoscopy and 
intubation was based on data from a preliminary 
study and other laboratories. In our preliminary 
study, in which patients (ASA physical status I) 
were anaesthetized with 1% enflurane and 50% 
nitrous oxide in oxygen to determine the time 
courses and magnitudes of decreases in HR and 
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MAP after administration of various doses of 
pindolol in the absence of surgery, the effect of 
pindolol peaked 5—6 min after injection. Miyazaki 
and Fujita reported that the peak effect of i.v. 
pindolol on HR and AP changes and tachy- 
arrhythmia, determined mainly in ASA I patients, 
occurred approximately 5 min after administration 
{15, 16]; their data are consistent with those of 
several studies mainly of ASA I patients that the 
anti-arrhythmic effect of this drug is apparent 
1~7 min after injection [17, 18]. All investigators 
used pindolol 1—4 ug kg™ in their studies [15-18]. 
Furthermore, the B-adrenergic blocking effect of 
pindolo] is 5-20 times as potent as that of 
propranolol [1, 16]; because propranolol in a dose 
of 40 pg kg™t has been confirmed to be useful in 
reducing haemodynamic changes after intubation 
[1], we used pindolol 2 and 4 pg kg for this 
purpose. Thus it was predicted that the peak of 
action of pindolol 2 or 4 pug kg™ administered 
5 min before laryngoscopy would occur at the 
same time as the peak of hypertension and 
tachycardia produced by laryngoscopy and tra- 
cheal intubation. 

In the operating room, a radial arterial catheter 
was inserted under local anaesthesia for con- 
tinuous monitoring of MAP. HR was calculated 
from a 15-s portion of lead II of the ECG. After 
a 10-min stabilization period, the patients 
breathed 100% oxygen via a mask for 3 min. 
Subsequently, pindolol 2 pg kg™ or 4 ug kg™ or 
saline (control) was injected 5 min before starting 
direct laryngoscopy (3 min before administration 
of thiopentone—vecuronium). Immediately before 
administration of pindolol or placebo and in- 
duction of anaesthesia, AP and HR were recorded 
simultaneously by an independent observer. An- 
aesthesia was induced with thiopentone 5 mg kg"! 
followed by vecuronium 0.2 mg kg™! to facilitate 
tracheal intubation. Direct laryngoscopy was 
attempted 2min after administration of 
thiopentone—vecuronium, and tracheal intubation 
was completed within 30 s in all patients, with the 
aid of a standard Macintosh laryngoscope blade. 
All intubations were performed by one of the 
authors (K. M.). The investigator and the patients 
were blinded to the identity of the experimental 
treatment. During anaesthesia, ventilation was 
assisted as required or controlled with 1% 
enfiurane and 50% nitrous oxide in oxygen, and 
PE'co, was maintained at 4.2-4.9kPa, measured 
with a Datex Capnometer by means of a catheter 
placed in the nostril until after the insertion of the 
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Fic. 2. Changes in mean arterial pressure (mean, SEM) after thiopentone—vecuronium and in response to 
laryngoscopy and tracheal intubation with pindolol 2 ug kg (@), 4 ug kg? (O) or saline control (O), 
administered i.v 5 min before starting laryngoscopy. The stippled area indicates duration of laryngoscopy 
and tracheal intubation. P < 0.05: * vs control; tvs basal value (3 min before induction) within group. 


tracheal tube, when sampling took place from a T- 
piece connected to the tube. Further measure- 
ments were taken 1, 2, 2.5, 2.75, 3, 3.5, 4, 4.5 and 
5min after administration of thiopentone- 
vecuronium by an independent observer. MAP, 
HR and rate-pressure product (RPP) were 
compared with corresponding measurements 
among the three groups (A-C} and with basal 
(3 min before induction) measurements within 
the same study group. 

Statistical analysis was performed using analy- 
sis of variance followed by Bonferroni 
modification of ¢ test. P<0.05 was deemed 
significant. 

RESULTS 
The three groups were comparable in age, weight 
and gender (table I). 

There were no significant differences among 
the three groups in MAP immediately before the 
start of the laryngoscopy and at preinduction time 
(fig. 2). In response to laryngoscopy and 
intubation, MAP increased significantly in the 
control group. The increases in MAP 15s and 
30 s after intubation were reduced in patients who 
received pindolol 4 ug kg“! compared with those 
in the control group. However, administration of 


pindolol 2 ug kg" failed to attenuate hyperten- 
sion. There was no significant difference in HR 
among the three groups immediately before the 
start of laryngoscopy and preinduction (fig. 3). 
The HR increased significantly after intubation in 
the control group, while the increase was 
significantly less in the pindolol-treated groups 
(fig. 3). RPP was significantly smaller in pindolol 
2 or 4 ug kg` groups compared with control after 
laryngoscopy and intubation. There was no 
difference in RPP between the two pindolol- 
treated groups at any time. 

No abnormal changes in ECG were ob- 
served in any patient who received pindolol, 
although two patients in the control group had 
transient ventricular premature contractions. 
During this study, no patients had bradycardia 
severe enough (HR < 50 beat min™) to require 
treatment and neither profound hypotension nor 
adverse respiratory effects were observed. 


DISCUSSION 


The present study has confirmed previous reports 
that tracheal intubation following thiopentone 
and a neuromuscular blocking agent causes 
significant increases in MAP, HR and RPP. 
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Fig. 3. Changes in heart rate (mean, SEM) after thiopentone—-vecuronium and in response to laryngoscopy 

and tracheal intubation with pindolol 2 pg kg! (@), 4 ug kg! (O) or saline control (O). The stippled 

area denotes duration of laryngoscopy and tracheal intubation. P < 0.05: * vs control; tvs basal value 
(3 min before induction) within group. 


Pindolol 4 ug kg! attenuated increases in these 
three variables after tracheal intubation compared 
with those of the control, whereas pindolol 
2 pg kg~ attenuated the increases in HR and RPP 
but not in MAP. 

The use of i.v. B-adrenergic antagonists before 
induction of anaesthesia in patients not previously 
receiving these drugs is controversial [1]. In one 
report it was noted that practolol 12 mg, given to 
attenuate the pressor response to intubation, 
caused circulatory collapse and cardiac arrest in 
an 80-kg patient who was probably hypovolaemic 
[18]. In this situation, pindolo] may be safer than 
other B-adrenergic blockers without ISA. Fur- 
thermore pindolol, which has been used in the 
management of angina pectoris [19], dilates renal 
arteries, resulting in increased renal blood flow 
[20] and this may be an advantage over other B- 
blockers which lack ISA. 

RPP was attenuated after pindolol, mainly 
because of a decrease in the HR response. The 
maximum mean RPP after intubation in the 
pindolol 4yugkg" group was 14263 mm Hg 
beat min™, This value compares favourably with 
the RPP of 15 187 and 15868 mm Hg beat min™ in 
response to intubation in patients given prosta- 
glandin E, [8] and buprenorphine [21] before 
induction, respectively. 


In conclusion, we have shown that a single 
bolus i.v. administration of pindolol is a practical 
and effective method of attenuating hypertension 
and tachycardia in response to tracheal intubation. 


On the basis of changes in MAP, HR and RPP, we 
recommend the use of a dose of pindolol 4 ug kg 
as a supplement at the time of induction, for 
reducing the cardiovascular responses associated 
with intubation. 
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_ EFFECT OF CISAPRIDE ON MORPHINE ABSORPTION 
AFTER ORAL ADMINISTRATION OF SUSTAINED-RELEASE 


MORPHINE 


D. J. ROWBOTHAM, K. MILLIGAN AND P. MCHUGH 


SUMMARY 


We investigated the effect of cisapride 20 mg 
given orally with MST 20 mg on the absorption 
of morphine in a double-blind, placebo-con- 
trolled study. Cisapride increased significantly 
both plasma concentrations of morphine after 
7h and peak concentrations. There was no 
significant change in time to peak concentrations, 
sedation scores or percentage decrease in pupil 
diameters. Plasma concentrations of amylase 
were increased in three patients in the MST- 
placebo group and three in the MST-cisapride 
group. One patient in the MST-—cisapride group 
developed acute pancreatitis. 


KEY WORDS 


Analgesics: oral morphine, plasma concentrations. Gastro- 
intestinal tract: cisapride. Pharmacokinetics: oral morphine. 


MST Continus (Napp Laboratories) is a sus- 
tained-release tablet preparation releasing mor- 
phine over 12h and is used most frequently for 
the treatment of pain associated with malignancy 
[1]. Cisapride is a new gastrointestinal prokinetic 
drug which increases the rate of gastric emptying, 
lower oesophageal sphincter pressure and small 
and large bowel motility [2]. Morphine delays 
gastric emptying and cisapride is more effective 
than metoclopramide in reversing this effect after 
i.m. administration [3]. 

Cisapride is now available generally and some 
patients may receive cisapride concomitantly with 
MST. Therefore, it was the purpose of this study 
to measure the effect of cisapride on morphine 
absorption after administration of MST. 


PATIENTS AND METHODS 


We studied 20 patients (aged 18-65 yr) under- 
going minor general or orthopaedic surgery in the 


. before 


afternoon. Local Ethics Committee approval and 
written informed patient consent were obtained. 
Patients were excluded if they were taking any 
concurrent medication, had any evidence of 
gastrointestinal disease or were scheduled for 
gastrointestinal surgery. 

A light breakfast was taken at 06:30 on the day 
of surgery and the study commenced 2h later. 
Patients were allocated randomly in a double- 
blind design to receive either MST 20 mg and 
placebo or MST 20mg and cisapride 20 mg. 
Tablets were taken with water 50 ml and patients 
rested at 45° in bed for the duration of the study. 

Blood 10 ml was taken from an indwelling 
venous cannula and visual analogue scores (VAS) 
for sedation were measured before and at 30-min 
intervals after drug administration. Plasma was 
separated immediately and stored at ~—20°C 
measurement of plasma morphine 
concentrations by HPLC using a technique 
described previously [4]. Pupil diameter was 
measured at 15-min intervals for 2h and every 
30 min thereafter using a pupillometer described 
by Asbury, Lear and Wortley [5]. 

The study was terminated after 5 h or when the 
patient left the ward for surgery. 

Data were analysed using chi-square, Student’s 
t and Mann-Whitney tests and MANOVA for 
repeated measures as appropriate. 


RESULTS 


There was a significant difference between groups 
in age, but not in weight, sex or type of surgery 
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TABLE I. Patient data (mean (range 
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or SD)). * P < 0.05 between groups 











Sex Age Weight 
(M/F) (yr) (kg) Type of surgery 
MST 20 mg+ 5/5 48.4 (34-62) 68.3 (10.1) 6 General 
placebo (n = 10) 4 Orthopaedic 
* 
MST 20 mg+ 5/5 36.9 (18-58) 67.8 (12.5) 7 General 
cisapride 20 mg 3 Orthopaedic 
(n = 10) 





Plasma morphine conen (ng m!) 





Time (h) 


Fic. 1, Mean (SEM) plasma morphine concentrations after 

MST-placebo (©) or MST-cisapride (4). Concentrations 

were significantly greater in the MST-cisapride group after 
1h (P <0.05). 


(table I). One patient was withdrawn from the 
study because of an adverse reaction (see below) 
and data from this patient were excluded from 
analysis. Complete data were available for only 
3.5h because of patients leaving the ward for 
surgery; these therefore, are the data presented. 

Mean plasma concentrations of morphine were 
significantly greater in the MST-cisapride group 
after 1h (P < 0.05) (fig. 1). Mean (SEM) maxi- 
mum plasma concentration of morphine (Cmax) 
was 8.8 (0.8) ng ml“! in the MST-placebo group 
and 13.7 (2.1) ng mi“ in the MST-cisapride group 
_ (P< 0.05). Median (range) time to maximum 
plasma concentration of morphine (tCmax) was 
75 (30-150) min in the MST-placebo group and 
90 (60-180) min in the MST-cisapride group (not 
significant). 


Pupil diameter (mm) 





0 1 


2 


Time (h) 
Fic. 2. Mean (SEM) pupil diameter (mm) after MST—placebo 
(O) or MST-cisapride (A). Significant decrease within each 
group (P< 0.05 MST-placebo; P <0.01 MST-cisapride). 
No significant difference between groups. 


3 


Mean pupil diameters at 3.5 h were significantly 
smaller in both groups compared with baseline 
values (P < 0.05 MST-placebo; P < 0.01 MST- 
cisapride) (fig. 2); mean (SEM) percentage de- 
creases at this time were 12.4 (4.4)% and 22.1 
(5.5)%, respectively. There was no significant 
difference between the groups in mean pupil 
diameters or percentage decrease at 3.5 h. 

There was no significant difference in VAS 
sedation scores between the groups (fig. 3). 


Adverse reactions 

One patient in the MST—cisapride group was 
withdrawn from the study because of an adverse 
reaction. He was a healthy 50-yr-old male sched- 
uled for haemorrhoidectomy, with no significant 
medical history or findings on examination. 
Preoperative white cell count and haemoglobin, 
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VAS sedation score (cm) 





Time (h) 
Fie. 3. Mean (sam) VAS sedation score (cm) after MST- 
placebo (O) or MST-cisapride (A). No significant dif- 
ferences. 


and serum concentrations of electrolytes and urea 
were normal. 

At 08:30 on the day of surgery, the patient was 
given cisapride 20mg and MST 20mg. Three 
hours later, he complained of epigastric dis- 
comfort and flatulence and, 30 min later, epi- 
gastric pain radiating to the back. At this stage he 
was withdrawn from the study and surgery 
cancelled. At 16:00 there were signs of upper 
abdominal guarding and a blood sample taken at 
this time revealed a plasma concentration of 
amylase 1251 u litre™! (normal range 10-82u 
litre; Enzyline A-Amylase PNP 20, boiMérieux, 
France). A diagnosis of acute pancreatitis was 
made. 

He was treated with i.v. fluids, nasogastric 
suction, analgesia, cefuroxime and metronidazole. 
No abnormality was detected on abdominal 
ultrasound. He made a full recovery with no 
complications and was discharged home 5 days 
later. 

Subsequent analysis of the blood sample taken 
immediately before administration of the study 
medication revealed a normal plasma concen- 
tration of amylase (53 u litre~*). 

The reaction was reported to the Committee on 
Safety of Medicines and local Ethics Committee, 
Janssen Research Foundation and Napp 
Laboratories. 
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TABLE II. Increased plasma concentrations of amylase at 4h 
(normal range 10-82 u litre). Only patient No. 8 developed 





symptomatic pancreatitis 
Plasma amylase conc 
(u litre) 
Patient 
No. Group Oh 4h 
14 MST-placebo 46 134 
15 MST-placebo 4i 526 
17 MST-placebo 98 1083 
1  MST—cisapride 33 421 
3  MST-cisapride 68 397 
8 MST-cisapride 53 1251 





At the end of the study, plasma concentrations 
of amylase were measured in plasma samples 
taken at 0 and 4h in every patient (table II). 
Three patients in the MST-placebo group and 
three patients (including the one with pancreatitis) 
in the MST-cisapride group had increased 
concentrations of amylase at 4 h. No other patient 
complained of abdominal symptoms. 


DISCUSSION 


Cisapride increased plasma morphine Cmax and 
concentrations after 1 h significantly when taken 
simultaneously with MST 20mg in patients 
before surgery. Plasma morphine tCmax was 
unchanged. Pupil diameters decreased signifi- 
cantly in both groups after MST, but there 
was no significant difference between the groups. 
MST produced little preoperative sedation and 
there was no difference between the groups. 

Plasma concentrations of morphine were similar 
to those found in other studies after MST [6-8]. 
Manara and others [7] investigated the effect of 
oral metoclopramide 10mg on plasma con- 
centrations of morphine and its effects after 
MST 20mg. In contrast to cisapride in this 
study, metoclopramide had no effect on plasma 
morphine Cmax. However, metoclopramide was 
associated with a change in median (range) plasma 
morphine tCmax values from 2.25 (0.5—5) h to 1.25 
(0.5-2.5)h, respectively (P < 0.05). Correspond- 
ing values in this study were 1.25 (0.5-2.5)h and 
1.5 (1-3) h. The findings of Manara and others are 
consistent with metoclopramide increasing the 
rate of absorption of morphine, presumably by 
enhancing gastric emptying. 

The conclusions of the present study are less 
clear, as plasma tCmax was unaffected. Increased 
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plasma concentrations of morphine associated 
with cisapride may be caused by changes in 
volume of distribution, elimination rate constant, 
absorption rate and morphine release from the 
tablet. At present, there are no data to suggest that 
cisapride would affect any of these factors other 
than rate of absorption resulting from enhanced 
gastric emptying. However, this is speculative, as 
data from this study do not indicate which of these 
mechanisms is involved. 

The effect of morphine on pupil diameter was 
demonstrated in both groups, but there was no 
significant difference between groups. Both 
groups in the present study showed little evidence 
of sedation. This is consistent with the findings of 
Kay and Healy [9] who demonstrated a mean 
preoperative 10-point VAS sedation score of 0.6 
after MST 30mg, compared with 0.3 after 
placebo. However, Manara and colleagues 
demonstrated higher sedation scores which were 
significantly greater during the first 90 min after 
MST 20mg taken with metoclopramide. 
Differences in sedation may be caused by the 
earlier ¿Cmax in the metclopramide group or the 
possible analgesic effect of metoclopramide [10]. 

Cisapride increased plasma concentrations of 
morphine after administration of MST in this 
study, but no differences in pupil diameter or 
sedation were demonstrated, possibly because 
plasma concentrations or morphine were too small 
to show an effect. The effect of cisapride on the 
absorption of larger doses of morphine is not 
known but, if it is consistent with the findings of 
this study, then it may be associated with a 
significant increase in morphine effects. 

One patient in the MST-cisapride group 
developed acute pancreatitis. Plasma concentra- 
tions of amylase, measured at the end of the study, 
were increased significantly in three (30 %) patients 
in the MST-placebo group and three (30%) 
patients in the MST-cisapride group (including 
the patient who developed pancreatitis). Bogoch, 
Roth and Bockus [11] described a similar in- 
cidence of increased serum concentrations of 
amylase. I.m. morphine was administered to 39 
medical patients with normal serum concentrations 
of amylase and blood samples were taken fre- 
quently over 24h. Serum concentrations of 
amylase were increased in 11 (28%) patients. 
These findings were confirmed by Gould, Van 
Kley and Knight [12], who demonstrated 
increased serum concentrations of pancreatic 
amylase iso-enzyme in seven of 17 patients (41%) 
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after im. and s.c. morphine. No case, of acute 
pancreatitis was reported by these authors, and we 
have been unable to find in the literature any 
reported case of acute pancreatitis after 
administration of morphine. 

It is likely that increased plasma concentrations 
of amylase in this study were caused by morphine- 
induced spasm of the biliary tract and sphincter of 
Oddi—a side effect which has been recognized for 
some time [13]. However, cisapride was found 
also to increase contractions of the biliary tract 
and sphincter of Oddi in dogs, but decreased their 
resting tone [14]. No data are available as yet in 
man and no case of increased concentrations of 
amylase or pancreatitis has been reported with 
administration of cisapride alone. However, the 
number of patients exposed to cisapride is still 
relatively low. 
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GASTRIC EMPTYING AND SMALL BOWEL TRANSIT IN 
MALE VOLUNTEERS AFTER I.M. KETOROLAC AND 


MORPHINE 


M. K. YEE, W. D. EVANS, P. E. FACEY, M. W. J. HAYWARD 


AND M. ROSEN 


SUMMARY 


Ten male volunteers were studied in a random- 
ized, double-blind crossover trial. Each received 
ketorolac tromethamine 30mg and morphine 
sulphate 10 mg i.m. at an interval of 2 weeks. 
After a standard radiolabelled meal, gastric 
emptying half-time (GE) and small intestinal 
transit time (SIT) were measured using a gamma 
camera. Small intestinal transit time was 
measured also from end-tidal breath hydrogen 
(ETH), and overall gastrointestinal motility by 
time to first flatus (TFF). Mean GE, SIT and TFF 
were significantly prolonged by morphine com- 
pared with ketorolac {P < 0.03); ETH was pro- 
longed also, but the difference was not sig- 
nificant. There were no significant correlations 
between SIT, ETH and TFF. Most subjects 
reported adverse effects after morphine, but only 
one after ketorolac. 


KEY WORDS 


Analgesics: ketorolac, morphine. Gastrointestinal system: 
gastric emptying. 


Opioids have been used for a considerable time 
for relief of postoperative pain. However, these 
drugs delay gastric emptying and intestinal mo- 
‘tility [1-3]; this, in turn, contributes to nausea 
and vomiting and is also unhelpful if patients 
require fluids, nutrition or medication enterally. 
In addition, the gastrointestinal tract may be 
affected adversely by the anaesthetic agent, and so 
a powerful analgesic which does not prolong 
gastrointestinal transit time should be advan- 
tageous. 

Ketorolac tromethamine is a non-steroidal anti- 
inflammatory drug which is being evaluated for 
the relief of moderate to severe pain, especially in 


the immediate postoperative period [4]. In this 
study, the effects of ketorolac on gastric emptying 
and small intestinal transit were compared with 
those of morphine. 


SUBJECTS AND METHODS 


Investigations were performed in normal volun- 
teers using a technique similar to that described 
previously [5] and doses of ketorolac (30 mg) and 
morphine (10 mg) which were demonstrated to be 
equally effective in relieving pain after chole- 
cystectomy when administered i.m. [4] The study 
was not complicated by the use of other drugs [6]. 
Ten normal, healthy males were recruited (mean 
(sD) age, height and weight 32.5 (4.5) yr, 1.73 
(0.09) m and 80.4 (15.4) kg, respectively). Each 
subject gave written, informed consent and the 
study was approved by the hospital Ethics 
Committee. It also conformed with the Dec- 
laration of Helsinki and the Association of the 
British Pharmaceutical Industry guidelines for 
medical experiments in non-patient human volun- 
teers. Subjects who had asthma, previous bowel 
surgery or gut disease, a known allergy or previous 
adverse reaction to salicylate or non-steroidal 
anti-inflammatory drugs, or a known intolerance 
to morphine were excluded, as were subjects who 
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smoked [7]. One week before the first assessment, 
each subject was given a medical examination and 
a blood sample was taken for measurement of 
haemoglobin, red and white blood cell counts, 
platelets, urea, creatinine, bilirubin, serum glu- 
tamic oxaloacetic transaminase, alkaline phos- 
phatase, total proteins, albumin and gamma 
glutamyl transferase. These investigations were 
repeated at the end of the study and it was 
confirmed that no abnormalities had been detected 
in any of the volunteers on either occasion. 

A double-blind crossover design was adopted 
and the medications were allocated according to a 
predetermined randomization schedule. Five sub- 
jects received a single dose of ketorolac 30 mg for 
the first assessment and a dose of morphine 10 mg 
for the second; the order of the drugs was reversed 
for the remaining five volunteers and an interval 
of 2 weeks was allowed between each assessment. 
The drugs were administered by i.m. injection 
into the vastus lateralis. Any adverse effects were 
recorded and the volunteers were followed up for 
1 week after completion of the measurements. 

Each subject fasted overnight for 12 h; 30 min 
after administration of the injection, a standard 
meal with water 50 ml was eaten within 10 min. 
The meal consisted of baked beans 120g and 
scrambled eggs 90 g without additional fat. Hu- 
man serum albumin macroaggregates (TCK 8 
from CIS Ltd) labelled with technetium-99m 
8 MBq were incorporated into the eggs during 
cooking. This radiopharmaceutical is not ab- 
sorbed by the gut and so it may be used to 
demonstrate the gastrointestinal tract by imaging 
with a gamma camera. Baked beans contain 
the indigestible oligosaccharides, stachyose and 
raffinose, which serve as a substrate for hydrogen 
production in the large intestine. No further 
eating or drinking was allowed until the con- 
clusion of the test. Subsequent measurements of 
gastric emptying and intestinal transit were made 
with reference to the time at which the meal was 
finished. 

Gastric emptying rate was measured by record- 
ing data from a gamma camera (IGE 400 AT with 
a low energy, general purpose, parallel hole 
collimator) positioned over the stomach region. 
This camera was interfaced to an Elscint Apex 
009 data processor and a series of 60-s images was 
acquired using a 256 x 256 pixel matrix. Pairs of 
anterior and posterior views were taken at 10-min 
intervals for 90 min, at 30-min intervals for the 
next 90 min and then hourly for up to 7h. All 
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images were acquired with the volunteer in the 
supine position, but seated on a chair between 
scans. An activity-time curve was generated by 
totalling the counts within a stomach region of 
interest, calculating the geometric mean for each 
pair of opposed views, applying an appropriate 
correction for radioactive decay and expressing 
each value as a percentage of that obtained at 
10 min. The relative activity at the reference time 
(zero) was extrapolated from a single exponential 
fitted to the early data. Subsequently, the gastric 
emptying half-time (GE), the time at which 50% 
of the original activity had left the stomach, was 
interpolated from the activity-time curve. In 
those cases where GE was longer than the study 
period, it was estimated by extrapolation of a 
single exponential fitted to the later part of this 
curve [8]. The time at which 90 % of the original 
activity had left the stomach (T90) was estimated 
in the same way. 

Small intestinal transit time was measured by 
two different methods. First, the time for radio- 
activity to appear over the caecum (SIT) was 
assessed using the above gamma camera data and 
additional anterior views such that the overall 
intervals between images were as follows: 10 min 
for the first 150 min, 20 min for the next 150 min 
and 1 h subsequently. The caecum was identified 
with the aid of a small radioactive marker source 
positioned 2 cm medial to the anterior superior 
iliac spine [5]. Second, samples of exhaled air 
were collected for analysis of hydrogen con- 
centration, at 10-min intervals for 2 h and subse- 
quently every 20 min. End-tidal samples were 
obtained after prolonged expiration by aspiration 
into a 20-ml plastic syringe from the side arm of 
a modified Haldane—Priestley tube [9]. Hydrogen 
concentration was measured immediately with a 
hydrogen monitor (GMI Medical Ltd) [10] which 
had been calibrated with a GMI standard cali- 
bration gas mixture (SGP RO1A) containing 
hydrogen 96p.p.m. in air. These data were 
plotted and the time at which end-tidal breath 
hydrogen increased (ETH) was noted by visual 
inspection of the curves. 

In addition, time to first flatus (TFF) was 
recorded by attaching an open manometer cath- 
eter (Lecro-cath) to the inside of the subject’s 
thigh, close to the anus. This was connected to a 
Datex Normocap infra-red carbon dioxide 
analyser which was linked to a graph recorder 
(Curken 125-1). TFF was recorded’as the time at 
which the concentration of carbon dioxide in- 
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creased to 0.5% or more [11]. The volunteers 
were also asked to note when they passed flatus. 

Results were analysed by Student’s paired ¢ test 
and linear regression; differences and correlations 
were taken as significant when P < 0.05. 


RESULTS 


There were no adverse effects after ketorolac apart 
from one volunteer who complained of paraes- 
thesiae over the face and tongue and both upper 
and lower limbs. In contrast, nine of the subjects 
reported immediate side effects after ad- 
ministration of morphine: six complained of 
belching, two of nausea and vomiting, five of 
somnolence, one of itching, one of oesophageal 
reflux, one of paraesthesiae over both hands and 
five of pain at the sites of injection. In addition, 
one volunteer developed headache, lumbo-sacral 
backache and increased urinary frequency 1 week 
after the investigations (this subject had also 
received morphine 2 weeks previously for 
measurements that had to be abandoned because 
of equipment problems). Serum urea, electrolytes 
and creatinine concentrations and urine analysis 
were normal, as were a full blood count and liver 
function tests. Symptoms resolved spontaneously 
after 1 week. 

GE, SIT, TFF and T90 were prolonged 
significantly after morphine compared with keto- 
rolac (P < 0.03); ETH was also greater but in this 
instance the difference was not significant (table 
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TABLE I. Summary of the results for gastric emptying and 
small intestinal transit time in 10 male volunteers after i.m. 
ketorolac and morphine (mean (SD)). GE = gastric emptying 
half-time; T90 = time at which 90% of the meal had left the 
stomach; SIT = time for radioactivity to appear over the 
caecum; ETH = time of increase in end-tidal breath hydrogen 
concentration; TFF = time to first flatus 








Time (min) P 
(paired 
Ketorolac Morphine t test) 
GE 62 (17) 214 (140) < 0.02 
T90 134 (18) 612 (489) < 0.02 
SIT 119 (94) 232 (99) < 0.03 
ETH 201 (85) 254 (103) ns 
TFF 120 (84) 288 (163) < 0.02 





I). In general, the range of values also was much 
greater with the former drug and gastrointestinal 
symptoms were associated with prolongation of 
gastric emptying. With morphine, GE was longer 
than the duration of the study (420 min) in two 
subjects and was estimated by extrapolation using 
an exponential fit; the same was true for T90 in 
six of the volunteers. In one subject, there was no 
obvious increase in breath hydrogen during the 
morphine study and so ETH was recorded as 
greater than 420 min. With the same drug, carbon 
dioxide concentration did not reach 0.5 % in four 
volunteers and so TFF was recorded similarly. 
Such problems were not found with ketorolac. 
Figure 1 shows mean gastric emptying curves; 
in figure 2, the cumulative frequency of results in 
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Fic, 1. Mean (SEM) gastric emptying curves for 10 male volunteers following the administration of 
ketorolac ((]) and morphine (O). 
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Fic. 2. Cumulative frequency of results in gastric emptying against half-time (GE) in 10 normal male 
volunteers after receiving ketorolac ((]) and morphine (O). 
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Fic. 3. Variation in end-tidal breath hydrogen concentration after the administration of ketorolac (C) 

and morphine (©). The estimated times at which the concentration began to increase (ETH) are shown, 

together with the small intestinal transit time (SIT) measured by the appearance of radioactivity in the 

caecum on the gamma camera images. (The initial increase in the hydrogen concentration is attributable 
to the gastro—ileal effect.) 


gastric emptying are plotted against half-time [5]. 
Values of GE were ranked separately in increasing 
order for the two drugs; as there were 10 vol- 
unteers, each individual datum contributes 10% 
to the cumulative frequency. After ketorolac, 
GE was shorter than 70min in nine of the 
subjects, while it was longer than 80 min for all 
volunteers after morphine (fig. 2). Its greatest 


value with ketorolac was 105 min and in this 
individual there was little difference with both 
drugs, although T90 was considerably shorter 
with Ketorolac (156 min) compared with morphine 
(254 min). In one other individual, both the rate 
and pattern of gastric emptying were similar for 
the two drugs. This latter case was the only 
instance in which SIT was greater after ketorolac 
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(360 min) compared with morphine (150 min). 
With the former drug, SIT was shorter than 
100 min in seven of the subjects, whereas it was 
always greater than this after morphine. 

In all but three cases, ETH was greater after 
morphine. ‘The difficulties associated with precise 
estimation of ETH are illustrated in figure 3, 
which shows the variation in end-tidal breath 
hydrogen concentration in the same individual 
after the administration of ketorolac and mor- 
phine. Whereas the time at which breath hydrogen 
concentration began to increase is relatively easily 
estimated for the former, it is not so for the latter. 
(The initial increase in hydrogen concentration 
after the test meal is a normal phenomenon as a 
result of the passage into the caecum of a meal 
eaten the night before—the gastro—ileal effect.) In 
this particular example, the estimated value of 
ETH was greater after ketorolac than after 
morphine, and even when the estimation of ETH 
was relatively easy, SIT as assessed from the 
gamma camera images was considerably shorter. 

After Ketorolac, the maximum value of TFF 
was 252 min, while morphine produced values in 
excess of 380 min in six subjects. Some difficulties 
were experienced with this measurement also. A 
carbon dioxide concentration of 0.5% or greater 
was noted in 16 of the 20 investigations, but in 
four of these the volunteer did not admit to 
passing flatus. On occasions, small increases of 
0.1-0.3% (but sometimes up to 0.5%) were 
recorded as the subject ascended or descended the 
imaging table. Such readings were regarded as 
artefacts produced by the expression of flatus 
during movement and a value of TFF was noted 
only when 0.5% was exceeded with the subject 
seated during an interval between gamma camera 
measurements. 

There were no significant correlations among 
GE, SIT, ETH and TFF after administration of 
either morphine or ketorolac. Furthermore, the 
values of each variable after one drug did not 
correlate significantly with its values after the 
other. 


DISCUSSION 


The results of the imaging investigations indicate 
significant prolongation of both the gastric emp- 
tying half-time (GE) and small intestinal transit 
time (SIT) by i.m. administration of morphine 
10 mg compared with ketorolac 30 mg. There was 
also almost complete absence of other adverse 
effects associated with the use of ketorolac. As 
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most routine postoperative analgesics are given 
i.m., the absence of pain at the site of injection 
should make ketorolac particularly attractive to 
patients. 

In a previous study [5], similar techniques were 
used to measure the effects of a saline placebo and 
morphine 5 mg but, in this case, the drugs were 
administered by i.v. injection. However, it has 
been shown that absorption of ketorolac after i.m. 
injection is rapid and its bioavailability complete 
compared with i.v. administration [12], and so the 
similar mean values of GE and SIT obtained with 
ketorolac (62 and 119 min, respectively) and 
placebo (69 and 145 min, respectively [5]) suggest 
that the former does not depress the motility of 
the gastrointestinal tract. Morphine is also ab- 
sorbed rapidly and its bioavailability is complete 
after im. injection [13]. The results of the two 
studies suggest that doubling the dose of mor- 
phine from 5 mg to 10 mg increased both mean 
GE (from 84 to 214 min) and mean SIT (from 186 
to 232 min). Even morphine 5 mg significantly 
prolongs SIT compared with placebo [5], and so 
the advantage of ketorolac as a powerful analgesic 
without any effect on gut motility might be lost if 
an opioid were administered concomitantly. 
Hence it would be valuable to use ketorolac by 
itself (in day surgery, for example) rather than for 
its morphine sparing properties [14] if gastro- 
intestinal depression is to be avoided. 

The mean time for 90 % of the radioactive meal 
to leave the stomach (T90) was significantly 
greater for morphine (10.2h) compared with 
ketorolac (2.2 h); with the latter drug, the maxi- 
mum value was 2.8 h. In contrast, after morphine, 
T90 exceeded 7h in 60% of the subjects and its 
greatest value was 25.4h, although this was 
obtained by extrapolation using an exponential fit. 
This suggests that the common practice of 
starving a patient for 6h before anaesthesia is 
adequate if an analgesic which does not depress 
gastrointestinal motility has also been used. 
However, this is not the case if morphine 10 mg or 
more has been administered before or shortly 
after the last meal. 

As a method of measuring small intestinal 
transit time, a gamma camera is both relatively 
expensive and inaccessible (because of the de- 
mands of routine clinical investigations). End- 
tidal breath hydrogen excretion has been proposed 
as a simpler method [8, 15]. However, in contrast 
with the results of a previous investigation [5], in 
this study no significant correlation was found 
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between SIT and ETH. It is likely that this 
reflected the imprecision associated with both 
these measurements, especially that of ETH. On 
average, ETH was longer than SIT after ad- 
ministration of both drugs, and so it may be that 
the gamma camera is able to detect a small 
quantity of the radioactive meal in the caecum, 
whereas a larger mass is required for production 
of a measurable amount of hydrogen by bacterial 
growth in the large intestine. Furthermore, if 
ketorolac really does not depress gastrointestinal 
motility, the fact that SIT was deemed to be 
longer with ketorolac than with morphine in only 
one individual (compared with three for ETH) 
suggests the superiority of the gamma camera 
technique. 

Time to first flatus is a measure of co-ordinated 
bowel function [11]. After administration of 
morphine, the average value of TFF was greater 
than both measures of small intestinal transit 
(SIT and ETH), but the same was not true after 
ketorolac. In only two subjects was TFF longer 
after ketorolac compared with morphine and, 
unlike ETH, the mean values were significantly 
different for the two drugs. However, this was 
caused partly by the fact that, after morphine, in 
four. subjects an increase of carbon dioxide 
concentration to 0.5% was not recorded over the 
7-h study period and TFF was set at this value. 
This may reflect a genuine delay in flatus 
production or instrumental insensitivity, and so it 
is unclear if a measurement of TFF offers any 
advantage over end-tidal breath hydrogen con- 
centration. 
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PRELIMINARY STUDY TO ASSAY PLASMA AMETHOCAINE 
CONCENTRATIONS AFTER TOPICAL APPLICATION OF A 
NEW LOCAL ANAESTHETIC CREAM CONTAINING 


AMETHOCAINE 


B. MAZUMDAR, A. A. TOMLINSON AND G. C. FAULDER 


SUMMARY 


Plasma concentrations of amethocaine were 
measured after topical application of amethocaine 
cream 2 g (5% w/w) to the dorsum of the right 
hand of 10 adult volunteers. The cream was 
applied for 240 min and plasma was assayed for 
amethocaine and its metabolite p-n-butylamino- 
benzoic acid at 0, 30, 60, 90, 120 and 240 min in 
all 10 volunteers, and at 360 min in seven 
volunteers, by high pressure liquid chromato- 
graphy. No amethocaine was detected in the 
plasma of seven volunteers. Plasma concen- 
trations of amethocaine up to 0.20 mg litre 
were observed in three volunteers. No significant 
side effects were seen and pain scores on 
insertion of a 16-gauge cannula were O in all 
subjects. We conclude that the absence of 
clinical toxicity in the 10 healthy volunteers was 
a reflection of slow absorption and tissue 
hydrolysis of amethocaine after topical dermal 
application. 


KEY WORDS 


Anaesthetics, local: topical amethocaine, plasma concen- 
tration. 


The use of local anaesthetic cream to provide 
topical anaesthesia for venepuncture has increased 
in recent years with the advent of a eutectic 
mixture of lignocaine and prilocaine (EMLA). 
Since the introduction of this cream into clinical 
practice, other local anaesthetic agents have been 
re-evaluated for topical use, and it has been 
suggested that amethocaine possesses the best 
topical anaesthetic properties [1]. A study 
comparing a local anaesthetic cream containing 
amethocaine with EMLA, found that the 


amethocaine cream had a more rapid onset of 
action, had a longer duration of action and 
provided equally effective analgesia as EMLA [2]. 
An editorial accompanying that paper considered 
the amethocaine cream promising, but expressed 
concern about its toxicity [3]. The aim of the 
present study was to address this concern by 
monitoring healthy volunteers for clinical evi- 
dence of toxicity, following the prolonged ap- 
plication of topical amethocaine cream. In ad- 
dition, serial blood samples were taken for assay 
of plasma concentrations of amethocaine and its 
metabolite p-n-butylaminobenzoic acid (BBA), to 
correlate evidence of clinical toxicity, if present, 
with plasma concentrations of the drug and 
metabolite. 


SUBJECTS AND METHODS 


After Ethics Committee approval we studied 10 
healthy adult volunteers who gave informed 
consent. Allergy to creams and local anaesthetics, 
or known pseudocholinesterase deficiency, were 
the only exclusion criteria. Full resuscitation 
facilities were available during the study. 
Baseline heart rate and arterial pressure were 
recorded using ECG and automatic arterial press- 
ure monitoring (Dinamap). The ECG was 
monitored continuously throughout the study, 
and arterial pressure was recorded at 5-min 
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intervals for the first 15 min, at 15-min intervals 
for the next 45 min and at 30-min intervals for the 
remaining 180 min. A 20-gauge cannula was 
inserted into a left forearm vein without local 
anaesthesia and retained for the period of the 
study for venous blood sampling. 

At time 0, amethocaine cream 2g 56% 
amethocaine w/w in methylcellulose) was applied 
to a 6-cm® area of skin on the dorsum of the right 
hand and covered with a clear occlusive dressing. 
After 4h the cream was removed, and analgesia 
assessed by insertion of a 16-gauge cannula into a 
vein at the anaesthetized site. The subjects scored 
pain as 0=no pain; 1l = minimal pain; 2= 
moderate pain; 3 = severe pain. Any side effects 
reported by the subjects were recorded. 

Ten-millilitre aliquots of venous blood were 
obtained at times 0, 30, 60, 120 and 240 min in all 
10 subjects, and in seven subjects at 360 min. The 
blood was collected in heparinized glass bottles 
containing 10% sodium metabisulphite 0.2 ml 
and 2-molar sodium hydroxide 0.2 ml, to prevent 
enzymatic hydrolysis of amethocaine, as 
recommended by Yang and colleagues [4]. Plasma 
was separated by immediate centrifugation and 
stored at —70 °C until required for analysis. 

The plasma was assayed for amethocaine and its 
metabolite BBA by high pressure liquid 
chromatography (HPLC) using a method based 
on that described by Yang and colleagues [4], and 
Menon and Norris [5]. The internal standards for 
amethocaine and BBA were salicylic acid and 
propiophenone, respectively. The mobile phase 
was prepared from water, acetonitrile and meth- 
anol (3:1:1 v/v) containing sulphuric acid 600 pl 
litre +, sodium sulphate 5g litre! and sodium 
heptane sulphonate 200 mg litre"! (pH 2.6). Two 
millilitre of plasma was transferred into a glass 
centrifuge tube containing the internal standards 
and mixed with diethyl ether 8 ml:dichlorome- 
thane (10:8v/v). The resultant mixture was 
shaken for 10 min, then centrifuged at 3000 g for 
5 min. The organic phase was transferred to a 
glass tube and evaporated to dryness at 50 °C. 
The residue was reconstituted with 200 pl of 
mobile phase and 20 pl injected into the HPLC 
column. Separation was achieved using a micro 
Bondapak C18 column, and detection at 220 nm 
with a flow rate of 2 ml min™ using a Waters 
HPLC isocratic system. The method was linear 
for concentrations in the range 0—4 mg litre“! and 
the sensitivities for amethocaine and BBA were 
0.02 mg litre? and 0.05 mg litre, respectively ; 
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Fic. 1. HPLC chromatograph of the analysis of amethocaine 
and p-n-butylaminobenzoic acid including their respective 
internal standards, salicylic acid and propiophenone. 


the coefficient of variation was 12.1% for ametho- 
caine and 9.5% for BBA. Recovery rates for 
amethocaine in plasma containing the sodium 
metabisulphite and sodium hydroxide were tested 
by spiking 10-ml blood samples from seven 
subjects with a known amount of amethocaine. 
Mean recovery from these control samples was 
99% with a coefficient of variation of 13.8%. A 
typical HPLC profile is shown in figure 1. 


RESULTS 


Plasma concentrations of amethocaine and BBA 
are presented in tables I and II, respectively. No 
amethocaine or BBA was detected in subjects Nos 
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Taste I. Plasma concentrations of amethocaine. nd = Not 
detected; nt = sample not taken 





Amethocaine concn (mg litre~') 








Subject No. 30min 60min 120min 240 min 360 min 
1 0.06 0.06 0.02 0.06 nt 
2 0.03 0.13 0.02 0.02 nt 
3 nd nd nd nd nt 
4 nd nd nd nd nd 
5 nd nd nd nd nd 
6 nd nd nd nd nd 
7 nd nd nd nd nd 
8 nd nd nd nd nd 
9 0.16 0.12 0.14 0.18 0.20 

10 nd nd nd nd nd 





TABLE II. Plasma concentrations of p-n-butylaminobenzoic 
acid (BBA). nd = Not detected; nt = sample not taken 





BBA concn (mg litre!) 





Subject No. 30min 60min 120 min 240 min 360 min 
1 nd nd nd nd nt 
2 nd nd nd nd nt 
3 nd nd nd nd nt 
4 0.82 0.30 0.34 0.24 0.20 
5 nd nd nd nd nd 
6 nd nd nd nd nd 
7 nd nd nd nd nd 
8 nd nd nd nd nd 
9 nd nd nd nd 0.46 

10 nd nd nd nd nd 





3, 5, 6, 7, 8 and 10. In subject No. 4, no 
amethocaine was found in plasma, but progress- 
ively decreasing concentrations of BBA were 
measured. Amethocaine was detected in plasma in 
subjects Nos 1, 2 and 9, and in addition BBA was 
detected at 360 min in subject No. 9. 

Pain scores were 0 (no pain) in all subjects. No 
cardiovascular or neurological side effects were 
observed. Erythema at the site of application of 
the cream was associated with itching on removal 
of the cream in four subjects. This lasted a few 
hours and resolved without treatment. 


DISCUSSION 


McCafferty and colleagues have suggested that an 
amethocaine formulation is the most promising 
topical dermal anaesthetic agent for use before 
venepuncture [1]. However, the safety of topically 
applied amethocaine has been questioned, after 
several reports of fatal and severe non-fatal toxic 


feat 1a 
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reactions [6-8]. In the cases reported, toxicity 

occurred most frequently after topical application ` 
to mucous membranes before endoscopic 

instrumentation. Bonica suggested that thé potent 

vasodilator properties of amethocaine enhanced 

systemic absorption of the drug and this, 

combined with the high doses used, increased the 

possibility of toxic reactions [8]. 

When amethocaine cream is applied to the 
intact skin, compared with mucous membranes, 
both the speed and degree of systemic absorption 
are greatly reduced. Small and colleagues failed to 
detect any amethocaine in plasma after topical 
application to three adult volunteers, although no 
details were given about the duration of ap- 
plication or the method of detection [9]. Evidence 
of poor absorption was reported also after dermal 
application of amethocaine 700 mg for 30 min to a 
volunteer (7ml of 10% solution in dimethyl 
sulphoxide) by Brechner, who was unable to 
detect any drug in plasma, despite analgesia 
adequate for venepuncture [10]. The present 
study provides further evidence of poor absorp- 
tion of amethocaine through intact skin. Despite 
the prolonged application of the maximum 
recommended dose [11], and a sensitive method 
of detection, plasma amethocaine was measurable 
in only three of 10 volunteers, with a maximum 
plasma concentration of 0.2 mg litre"!. Excellent 
analgesia was obtained despite low dermal pen- 
etration, as the cutaneous nociceptors are situated 
just below the stratum corneum, approximately 
15 um beneath the skin surface [12]. 

Slow systemic drug absorption because of poor 
skin penetration results in a slow increase in 
plasma concentrations. Scott stated that with slow 
i.v. infusions of local anaesthetics “the severity of 
symptoms and signs was dependent upon the 
speed of infusion: the more rapid the infusion the 
greater the CNS toxicity”? [13]. The same prin- 
ciple should hold for topically applied local 
anaesthetic agents, so that slow systemic ab- 
sorption of amethocaine by this route should 
contribute to the safety of the formulation. In the 
present study, when amethocaine was detected it 
was present for the duration of the sampling, 
indicating continued absorption throughout the 
duration of application. In addition, it is possible 
that an amethocaine depot forms in the dermis 
and this continues to release the drug after its 
removal from the skin surface. This accounts for 
detectable concentrations at 360 min in subject 
No. 9. Although no amethocaine was detected in 
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seven subjects, it is probable that the drug was 
present in the plasma, but below the limits of 
detection of the method described (0.02 mg 
litre). This is the first report demonstrating 
measurable plasma concentrations of amethocaine, 
and the absence of clinical signs and symptoms of 
toxicity with plasma concentrations up to 0.2 mg 
litre! is worthy of note. 

.Amethocaine is hydrolysed by non-specific 
tissue esterases in the dermis, to p-n-butyl- 
aminobenzoic acid (BBA) [12]. This hydrolysis is 
understood poorly and, although usually slow, the 
speed may vary between individuals. Slow hydro- 
lysis would account for the lack of detectable 
BBA in subjects Nos 1 and 2, despite the presence 
of amethocaine in the plasma although, in these, 
the final samples were taken at 240 min. In subject 
No. 9, slow hydrolysis produced detectable BBA 
at 360 min. It is postulated that subject No. 4 had 
fast hydrolysis of absorbed amethocaine, ac- 
counting for measurable concentrations of BBA 
-~ without detection of amethocaine. This cutaneous 
metabolism further decreases the potential for 
toxicity of dermally applied amethocaine. 

The only side effect observed in this study was 
transient erythema with itching occurring after 
removal of the cream in four subjects, and this 
resolved without treatment. Erythema was 
reported to have occurred in 63 % of 1155 subjects 
studied, after topical application of amethocaine 
cream in children, with a further 0.6% having a 
local urticarial reaction [14]. The erythema has 
been shown to be caused by increased perfusion of 
the cutaneous microcirculation and is a phar- 
macological property of the drug rather than a 
`- side effect of the formulation [15]. Pruritus may 
be caused by increased blood flow, but the 
possibility of an allergic reaction to the metabolite 
BBA must be excluded as the ester group of local 
anaesthetics produces significantly more allergic 
reactions than the amide group. This requires 
further investigation, as does the use of repeated 
applications of this preparation. 

It is interesting to note that the four subjects 
with erythema and itching also had detectable 
amethocaine and BBA in plasma. This suggests 
that microcirculatory vasodilatation increases the 
degree of systemic absorption. It is not clear why 
only four subjects demonstrated this phenom- 
enon. 

In this preliminary study, we have demonstrated 
that, after prolonged topical application of the 
maximum recommended dose of an amethocaine 
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formulation to the intact skin, systemic absorption 
did not occur to a degree sufficient to cause toxic 
symptoms. As there have been no previous studies 
correlating plasma concentrations with clinical 
signs of toxicity, we conclude that after slow 
dermal absorption, plasma concentrations of 
amethocaine up to 0.2 mg litre are safe in normal 
adult subjects. 

Further evaluation with larger numbers of 
patients is necessary before the cream can be 
recommended for general use, and it is the opinion 
of the authors that smaller doses of amethocaine 
could be used without loss of its excellent 
analgesic properties. Furthermore, the drug must 
not be applied to broken skin surfaces and, as with 
EMLA [16], suitable precautions must be taken to 
ensure that the cream is not ingested orally, as this 
may lead to rapid systemic absorption and possible 
toxic reactions. 


ACKNOWLEDGEMENTS 


We thank Dr J. Gray and staff of the Microbiology De- 
partment, Central Pathology Laboratory, Stoke-on-Trent for 
HPLC facilities. 


REFERENCES 


1. McCafferty DF, Woolfson AD, McClelland KH, Boston 
V. Comparative in vivo and in vitro assessment of the 
percutaneous absorption of local anaesthetics. British 
Journal of Anaesthesia 1988; 60: 64-69. 

2. McCafferty DF, Woolfson AD, Boston V. In vivo 
assessment of percutaneous absorption of local anaesthetic 
preparation. British Journal of Anaesthesia 1989; 62: 
17-21. 

3. Coley S. Anaesthesia of the skin. British Journal of 
Anaesthesia 1989 ; 62: 4-5. 

4. Yang S, Xue Y, Tian X, Jui M, Xu X, Yu Y. Simultaneous 
determination of lidocaine, bupivacaine, and tetracaine in 
human plasma by HPLC. Yao Hseuwh Hseuh Pao 1984; 19: 
611-615. 

5. Menon GB, Norris BJ. Simultaneous determination of 
tetracaine and its degradation product p-n- 
butylaminobenzoic acid by HPLC. Journal of 
Pharmaceutical Setences 1981; 5: 569-570. 

6. Jackson CA. Amethocaine hydrochloride: Severe toxic 
effects when used for bronchoscopy. British Medical 
Journal 1949; 1: 99-101. 

7. Jenkins AV. Acute convulsive reaction to surface an- 
aesthetic: Treatment by depolarizing muscle relaxant. 
British Journal of Anaesthesia 1962; 34: 61-64. 


8. Bonica JJ. Regional anesthesia with tetracaine 
(amethocaine). Anesthesiology 1950; 11: 606-622, 
716-729. 


9. Small J, Wallace RG, Millar R, Woolfson AD, McCafferty 
DF. Pain-free cutting of split skin grafts by application of 
a percutaneous local anaesthetic cream. British Journal of 
Plastic Surgery 1988; 41: 539-543. 
10. Brechner VL, Cohen DD, Pretsky I. Dermal anesthesia 
spe, 





436 


lL. 


12. 


13. 


by the topical application of tetracaine base dissolved in 
dimethyl sulfoxide. Annals of the New York Academy of 
Sciences 1967; 141: 524-531. 

Atkinson RS, Rushman GB, Lee JA, eds. A Synopsis of 
Anaesthesia, 10th Edn. Bristol: John Wright, 1987; 602. 
Woolfson AD, McCafferty DF, McGowan KE. The 
metabolism of amethocaine by porcine and human skin 
extracts: influence on percutaneous anaesthesia. Inter- 
national Journal of Pharmaceutics 1990; 62: 9-14. 

Scott DB. Toxic effects of local anaesthetic agents on the 
central nervous system. British Journal of Anaesthesia 
1986; 58: 732-735. 


14. 


15. 


16. 


BRITISH JOURNAL OF ANAESTHESIA 


Woolfson AD, McCafferty DF, Boston V. Clinical 
experiences with a novel percutaneous amethocaine prep- 
aration: prevention of pain due to venepuncture in 
children. British Journal of Clinical Pharmacology 1990; 
30: 273-279. 

Woolfson AD, McCafferty DF, McGowan KG, Boston 
V. Non-invasive monitoring of percutaneous local an- 
aesthesia using laser Doppler velocimetry. International 
Journal of Pharmacology 1989; 51: 183-187. 

James IG. EMLA; Complications. British Journal of 
Anaesthesia 1990; 65: 295. 


British Journal of Anaesthesia 1991; 67: 437-439 


SYSTEMIC FENTANYL ENHANCES THE SPREAD OF 
SPINAL ANALGESIA PRODUCED BY LIGNOCAINE 


A. FASSOULAKI, C. SARANTOPOULOS AND S. CHONDRELI 


SUMMARY 


Seventy-one patients undergoing transurethral 
prostatectomy under spinal anaesthesia were 
allocated randomly to one of four groups; 
fentanyl-naloxone (F—Nal), fentany!-normal sa- 
line (F~NS), normal saline-naloxone (NS—Nal), 
and normal saline—normal saline (NS-NS) group. 
Twenty minutes after subarachnoid injection of 
hyperbaric lignocaine 100 mg, we tested the 
level of spinal analgesia (pinprick sensation) and 
administered i.v. either fentanyl 100 pg (F—-Nal 
and F-NS groups) or normal saline 2 ml (NS—Nal 
and NS-NS groups). Ten minutes later, we 
assessed the new levels of analgesia and ad- 
ministered i.v. either naloxone 0.4 mg (F-Nal 
and NS-Nal groups) or normal saline 1 ml (F-NS 
and NS-NS groups). The level of sensory block 
was reassessed 10 min after the naloxone or 
normal saline treatment. Ten minutes after i.v. 
administration of fentanyl or normal saline, the 
level of analgesia increased in the F-Nal and 
F-NS groups by 3.98 and 3.78 cm, respectively, 
and differed significantly compared with the 
NS-Nal and NS-NS groups (both P < 0.07). 
Forty minutes after spinal block, the decrease 
in analgesia in the F-Nal group (3.97 cm) 
differed significantly from that in the other 
groups (P < 0.017). Systemic fentanyl enhanced 
the spread of analgesia. This enhancement was 
antagonized by naloxone. 


KEY WORDS 
Analgesics: fentanyl. Local anaesthetics: lignocaine. An- 
aesthetic techniques: spinal. 


For certain procedures, spinal anaesthesia may be 
preferred in the elderly [1]. While administering 
small doses of fentanyl to patients undergoing 
surgery under spinal anaesthesia, we observed 
central spread of sensory analgesia and, occas- 
ionally, pain relief after operation by the time the 


lignocaine block was expected to regress. The 
present study was designed to evaluate the effect 
of low doses of systemic fentanyl on the level of 
spinal analgesia produced by intrathecal ligno- 
caine. The effect of naloxone after administration 
of either fentanyl or normal saline was 
investigated also. 


PATIENTS AND METHODS 


The study was approved by the Local Ethics 
Committee and informed consent was obtained 
from all patients. 

Seventy-one unpremedicated patients under- 
going transurethral resection of prostrate (TURP) 
under spinal anaesthesia were allocated randomly 
to one of four groups: i.v. fentanyl—naloxone 
(group F—Nal); i.v. fentanyl-normal saline (group 
F-NS); i.v. normal saline-naloxone (group 
NS—Nal); i.v. normal saline—-normal saline (group 
NS-NS). Patients who were receiving tran- 
quillizers and analgesics before operation, or 
patients with CNS disorders, were excluded from 
the study. 

On arrival of the patient in the operating room, 
a cannula was inserted into a suitable vein and 
Ringer Lactate solution administered i.v. Arterial 
pressure, ECG, heart rate and oxygen saturation 
were monitored. Oxygen was administered via a 
Ventimask designed to deliver 35% oxygen. 

With the patient in the left lateral position 
and after subcutaneous infiltration with 2% 
lignocaine, 5% (100 mg) hyperbaric lignocaine 
(Xylocaine, Astra, S.G. 1030-1035) 2 ml was 
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TABLE I. Patient characteristics (mean (range or SD)) 


Fentanyl- Fentanyl- Normal saline- Normal saline— 
naloxone normal saline naloxone normal saline 
(n = 18) (n = 18) (n = 17) (n = 18) 
Age (yr) 68.9 (58-80) 70.7 (62-80) 72.5 (62-87) 72.0 (66-85) 
Weight (kg) 65.7 (10.4) 72.5 (12.5) 73.9 (13.1) 73.4 (9.3) 
Height (cm) 166 (7) 167 (5) 167 (10) 170 (71) 


TABLE II. Changes to pinprick sensation (mean (SD)) in each group of patients 30 and 40 min after 
spinal anaesthesia. P < 0.01: ** vs normal saline-~naloxone and normal saline-normal saline groups; tt vs 
fentanyl-normal saline, normal saline-naloxone and normal saline-normal saline groups 


Fentanyl- Fentanyl- Normal saline— Normal saline- 
naloxone normal saline naloxone normal saline 
(n = 18) (n = 18) (n = 17) (n = 18) 
30 min 3.98 (0.87)** 3.78 (0.94)** —0.17 (0.23) —0.26 (0.73) 
40 min —3.97 (0.92) tt —0.41 (0.40) —0.81 (0.95) —0.79 (0.80) 


injected intrathecally at the L3-4 interspace. All 
patients remained in the left lateral position for 
l min, after which they were placed in the 
lithotomy position. S 

Twenty minutes after the intrathecal injection, 
the level of analgesia was assessed by a blinded 
observer. Pinprick sensation was assessed using a 
21-gauge needle in a cephalad to caudad direction. 
To assess the level of analgesia, we defined four 
points on the posterior, middle and anterior 
axillary lines of the left abdominal wall, and on the 
line 5cm medial to the anterior axillary line, 
above which patients experienced sensation to pin- 
prick. Changes in the level of spinal analgesia 
were measured in cm because of difficulty in 
locating dermatomes in patients in the lithotomy 
position. 

After the spread of ‘spinal analgesia was 
assessed, 2 ml of a solution of either fentanyl 
100 ug (groups F~Nal and F—NS) or normal saline 
was administered i.v. Changes to pinprick sen- 
sation were noted 10min later (30 min after 
intrathecal injection) and either naloxone 1 ml 
(0.4 mg) (groups F—Nal and NS—Nal) or normal 
saline 1 ml (groups F-NS and NS-NS) was 
injected i.v. Ten minutes later (40 min after the 
intrathecal injection), the level of analgesia was 
reassessed. 

The level of analgesia defined 20 min after 
subarachnoid injection of lignocaine was taken as 
the baseline level and changes in the level 
following either fentanyl or normal saline ad- 
ministration were measured in cm. This level was 


then redefined as zero and the changes after 
administration of either naloxone or normal saline 
were measured. The overall change in the level of 
sensory block in each group of patients at 30 and 
40 min after spinal anaesthesia was calculated by 
averaging the changes observed in the height of 
each of the four points lying on the predetermined 
lines. 

A factorial analysis of variance with repeated 
measures design was used for comparisons of 
changes in levels of analgesia between groups. 
When a statistically significant difference was 
found, Scheffé’s method was applied to evaluate 
comparisons between individual groups. 


RESULTS 


The four groups were similar in age, weight and 
height (table I). 

A significant difference between the groups in 
changes to pinprick sensation was found 10 min 
after the i.v. administration of either fentanyl or 
normal saline (F = 175.5 with 3,67 d.f. and P < 
0.01). The F-Nal and F-NS groups reported a 
similar mean increase in cephalad spread of 
sensory analgesia (table II). This increase corres- 
ponded to 1.5 spinal segments and differed 
significantly compared with the changes reported 
by patients in the NS—Nal and NS-NS groups. 
No significant changes occurred in the NS—Nal or 
NS-NS groups (table ID. 

Ten minutes after i.v. administration of either 
naloxone or normal saline, changes in spinal 
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analgesia to pinprick were significantly different 
between groups (F = 77.1 with 3,67 d.f. and 
P < 0.01). Groups F~-NS, NS—Nal and NS-NS 
reported minor decreases. In the F—Nal group, 
administration of naloxone resulted in a mean 
reduction in the level of analgesia of 3.97 cm 
(table II). This decrease was significant compared 
with the decreases in the three other groups 
(P < 0.01). 


DISCUSSION 


The results of the present study show that 
fentanyl, administered i.v., increased the cephalad 
spread of sensory analgesia produced by intra- 
thecal lignocaine. This effect was antagonized by 
naloxone. After the systemic administration of 
normal saline, naloxone had no effect on the 
spread of spinal analgesia. 

The mechanism of this interaction between 
systemic fentanyl and intrathecal lignocaine ad- 
ministration is not clear. Systemic fentanyl may 
affect the intrathecally injected lignocaine in- 
directly by altering spinal cord blood flow. 
Systemic morphine has been shown to decrease 
spinal blood flow [2]. This may reduce absorption 
of local anaesthetic, increasing the duration rather 
than the spread of sensory block. However, it is 
obvious from the NS—Nal and NS-NS groups 
that the fixation of hyperbaric lignocaine in spinal 
regions was complete by 20min. Therefore, 
changes in spinal cord flow is not likely to affect 
the spread of sensory block. 

The spread of analgesia which followed ad- 
ministration of fentanyl did not occur in the 
NS—Nal and NS-NS groups. This eliminates the 
possibility of continued mixing or non-fixation of 
the lignocaine in the subarachnoid space. 

Neither intrathecal morphine 0.2-0.4 mg [3], 
nor extradural fentanyl [4,5], modify the an- 
algesic block produced by intrathecal or extra- 
dural bupivacaine, respectively. However, the 
onset and duration of effect of i.v. alfentanil 
differed significantly compared with alfentanil 
administered intrathecally [6]. 

It is conceivable that subclinical analgesia above 
the level of complete analgesia produced by 
subarachnoid lignocaine might be potentiated and 
become clinically detectable by small doses of 
systemic fentanyl. However, this mechanism is 
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unlikely, because of the low dose of fentanyl 
administered. 

Opioid receptors may act also at supraspinal 
sites, altering pain processing at supraspinal level 
or modulating spinal function [7]. Fentanyl may 
act in a manner similar to morphine and disinhibit 
the off-cell, a class of neurone in the rostral 
ventromedial medulla. These off-cells are in- 
volved in pain modulation and their disinhibition 
by morphine contributes to the analgesic effect of 
this drug [8]. 

From our data, it is not possible to distinguish 
between a change in spinal level and a change in 
the patient’s perception of pain. Assessment of 
temperature block might be helpful in resolving 
this issue, but our patients, although co-operative 
in determining pinprick sensation, were not 
willing to co-operate in temperature testing. 

To our knowledge, neither the interaction of 
systemic fentanyl and intrathecal lignocaine nor 
its antagonism by naloxone has been reported 
previously. Our findings may possess clinical 
importance, as low doses of systemic fentanyl 
have a potential role in enhancing spinal analgesia. 
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EFFECT OF Paco, ON CEREBRAL BLOOD FLOW 
DISTRIBUTION DURING HALOTHANE COMPARED WITH 
ISOFLURANE ANAESTHESIA IN THE RAT 


W. L. YOUNG, A. I. BARKAT, I. PROHOVNIK, H. NELSON AND 


M. DURKIN 


SUMMARY 


In order to examine anaesthetic effects on the 
distribution of cerebral blood flow (CBF) during 
normo- and hypocapnia, male adult Sprague— 
Dawley rats were allocated randomly to four 
groups in a 2x2 factorial design, using Paco, 
value and anaesthetic agent as between-group 
factors. Animals were anaesthetized with either 
1.38% isoflurane (inspired) or 1.05% halothane 
(inspired) and the lungs ventilated mechanically 
at either normocapnia (Paco, 5.1-5.6 kPa) or 
hypocapnia (Paco, 3.1-3. 3kPa) for 1 h. CBF was 
measured using uC- iodoantipyrine autoradio- 
graphy. Local CBF in selected cortical and 
subcortical regions of interest and area-weighted 
mean global CBF were calculated. Data were 
compared by analysis of variance. Normocapnic 
(mean (SE)) CBF for halothane (n= 6) and 
isoflurane (n = 7) was 120 (8) mi/100 g min“ 
(Paco, 5.6 (0.49) kPa) and 117 (9) ml/ 
100 g min” (Paco, 5.4 (0.5) kPa), respectively. 
Hypocapnic CBF for halothane (n= 6) and 
isoflurane {n = 6) was 82 (7) mi/100 g min” 
(Paco, 3.3 (0.12) kPa) and 82 (6) mli 
100 g min (Paco, 3.2 (0.12) kPa), respectively. 
Hypocapnia reduced global CBF for both groups 
by 30% (P < 0.001), but there was no difference 
between anaesthetic agents (P > 0.8). Hypo- 
capnia decreased. CBF in all local structures 
examined. Although subcortical structures had 
similar CBF at both normocapnia and hypo- 
capnia, CBF in three cortical samples was greater 
(P < 0.05) in both the normocapnic and hypo- 
capnic halothane groups than the correspon- 
ding isoflurane groups. The CBF reactivity to 
changes in Paco, was similar for both agents 
(approximately 2 ml/100 g min mm Hg). We 


conclude that halothane is a selective cortical 
vasodilator compared with isoflurane, but both 
agents have similar effects on global CBF and 
local and global CBF reactivity to changes in 
Pacoy 


KEY WORDS 


Anaesthetics, volatile: halothane, isoflurane. Brain: regional 
cerebral blood flow. Carbon dioxide: hypocapnia. 


Halothane and isoflurane are commonly used 
anaesthetic agents with different effects on cere- 
bral haemodynamics. In particular, isoflurane 
produces smaller increases in intracranial pressure 
(ICP) in neurosurgical patients than halothane, 
especially in the presence of hypocapnia [1], 
although it is clear that isoflurane may cause 
increased ICP in some patients [2]. However, the 
mechanism of the different effect on ICP is not 
clear, as halothane and isoflurane produce variable 
effects on cerebral blood flow, depending on the 
method of measurement [3]. There is evidence 
that both agents have a similar effect on total 
cerebral blood volume [4]. Halothane has been 
described as being a selective cortical vasodilator 
relative to isoflurane [3]; however, the effect of 
Paco, on this distribution is not known. This 
knowledge would be useful and may have 
implications for the use of induced hypocapnia in 
focal cerebral ischaemia [5]. This study has 
examined the influence of Paco, on the dis- 
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tribution of cerebral blood flow (CBF) during 
halothane compared with isoflurane anaesthesia. 


MATERIALS AND METHODS 


Male adult Sprague-Dawley rats were allocated 
randomly to four groups in a 2 x 2 factorial design, 
using two Paco, values and two anaesthesia 
groups. Animals were anaesthetized with 1 MAC 
of either 1.38% isoflurane (inspired) or 1.05% 
halothane (inspired) and the lungs ventilated 
mechanically to achieve either normocapnia (Paco, 
5.1-5.6 kPa) or hypocapnia (Paco, 3.1-3.3 kPa). 
Animals were allowed free access to food and 
water before all experiments. Anaesthesia was 
induced in a breathing chamber with the appro- 
priate volatile agent. The trachea was can- 
nulated with PE-240 tubing and ventilation was 
controlled with a Harvard rodent ventilator 
(Harvard Instruments, South Natick, MA, 
U.S.A.) using air and supplementary oxygen. 
Methyltubocurarine iodide 0.1 mg kg™!, was given 
i.v. to produce neuromuscular block. Cannulae 
were placed in both femoral arteries and veins. 
Arterial pressure was recorded continuously on a 
Grass model 7 polygraph (Grass, Inc., Quincy, 
MA, U.S.A.). Temperature was maintained at 
37°C using a heating lamp and monitored by 
rectal thermistor. Heparin 50 iu was given i.v. 
Paco, was verified by arterial blood-gas 
measurements. After 1h of mechanical ventil- 
ation, CBF was determined by the !*C-iodo- 
antipyrine indicator fractionation method [6-8] 
and autoradiographic densitometric analysis 
[3, 9]. A bolus of 4C-iodoantipyrine 20 pCi kg™ 
(New England Nuclear, Boston, MA, U.S.A.) in 


‘0.9% saline 0.3 ml was given i.v., with simul- 


taneous withdrawal of a reference flow sample 
from a femoral artery catheter using a Harvard 
Pump (Harvard Instruments, South Natick, MA, 
U.S.A.) set at a rate of 0.393 ml min™!. After 10 s 
the experiment was terminated by decapitation of 
the rat and the reference flow arterial catheter was 
withdrawn simultaneously from the femoral 
artery. The brain was removed quickly and frozen. 
Blood obtained from the 10-s withdrawal from the 
femoral artery for reference flow activity was 
decolourized. Blood radioactivities were assessed 
by liquid scintillation counting using a Packard 
Tricarb counter (Packard Instrument Co., 
Sterling VA, U.S.A.). 

Using a cryostat at —20 °C, the frozen brains 
were cut into 20-um coronal sections at intervals 
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of 240 um. Sections for each brain were mounted 
on glass slides and dried on a hot plate. The slides 
were exposed to Kodak SB-5 autoradiographic 
film for 1 week together with 1C-methyl- 
methacrylate standards (Amersham Inc., 
Arlington Heights, IL, U.S.A.). A digital den- 
sitometer (RAS 1000 Research Analysis System, 
Amersham, Inc.) was used to produce optical 
density images. Using tissue optical densities, the 
carbon-14 standards and the reference blood flow 
radioactivity data, CBF was calculated as de- 
scribed previously [7-9]. “Global CBF” was 
calculated using a modification of the method 
described by Hansen and colleagues [3] using 
area-weighted averages of CBF from six cut 
sections distributed equally along the rostral- 
caudal axis of the brain at the level of frontal 
cortex, caudoputamen, thalamus, substantia 
nigra, inferior colliculus and cerebellum. (The six 
section levels correspond to co-ordinates taken 
from the figure by Paxinos and Watson 
[10]—bottom of figure 50, lateral 2.9-mm sagittal 
section of rat brain: —2, 1, 3.5, 6, 9.5 and 11.5.) 
Local CBF was calculated in selected cortical and 
subcortical regions of interest. 

CBF values for all groups were compared by 
three-way multivariate analysis of variance 
(ANOVA) using anaesthetic (halothane vs 
isoflurane) and ventilation (normocapnia vs hypo- 
capnia) as between-group factors and brain 
region as a repeated measure. Significance levels 
were adjusted by the Huynh—Feldt sphericity 
correction. Other physiological data were com- 
pared using a similar two-way ANOVA without 
the region factor. Post hoc comparisons to localize 
the differences detected by a significant ANOVA 
were made using the Fisher Protected Least 
Significant Differences test. Data are reported as 
mean (SE). 


RESULTS 


The pH and Paco, values were appropriately 
different between ventilation groups, but similar. 
for halothane- and _isoflurane-anaesthetized 
animals (table I). Mean arterial pressure was 20 % 
less for halothane-anaesthetized animals (P < 
0.001) and the isoflurane—hypocapnia group had a 
greater mean arterial pressure than the normo- 
capnic group, although all values were within the 
autoregulatory range [11]. Hypocapnia reduced 
area-weighted global CBF for both groups ‘by 
30% (P < 0.001), but there was no difference 
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TABLE I. Physiological variables obtained at the time of determination of rCBF (mean (SE)). Significant 
effects : * anaesthetic; t hypocapnia ; Sinteraction. $| Isoflurane significantly greater than halothane during 
hypocapnia 





Normocapnia 


Hypocapnia 





Halothane 
(n = 6) 


Isoflurane 


(n= 7) 


Halothane 
(n = 6) 


Isoflurane 
(n = 6) 





7.37 (0.05) 
5.6 (0.49) 
21.1 (2.13) 
72 (© 


(14) 


5.4 
14.9 
Mean arterial pressure 80 

(mm Hg) 

Plasma glucose (mg dl~!) 


191 193 


7.37 (0.02) 


7.53(0.02) 7.55 (0.02) + 
3.3 (0.12) 3.2 (0.12) t 
22.5 (1.87) 26.3 (1.73) 
67 (4 %4 (4) 


(27) (10) 


(0.15) 
(1.2) 
@) 
(14) 


185 160 





= 
N 
© 


* 
* 


Cerebral blood flow (ml/100 g min7’) 


Normocapnia Hypocapnia 


Fic. 1. Comparison of area-weighted mean global CBF for 

halothane (Wi) and isoflurane ({]) groups during normo- and 

hypocapnia (mean, SE). * Significantly different from normo- 
capnia (P < 0.05). 


between anaesthetic agents (P > 0.8) (fig. 1). 
There was a significant effect of Paco, value to 
decrease CBF in all six brain sections used for the 
calculation of the area-weighted global value (fig. 
2), however, there were significant differences 
between anaesthetic groups only in the first 
section value in the two normocapnic groups and 
the sixth section value in the two hypocapnic 
groups. 

Hypocapnia decreased local CBF in all local 
Structures examined (table ID). A lack of 
significant ventilation-by-anaesthetic inter- 
actions, either second or third order, suggests 
that there was no differential anaesthetic effect 
on carbon dioxide reactivity, which was similar 





for both agents (approximately 2 ml/100 g min“ 
mm Hg). The region-by-anaesthetic interaction 
(P < 0.0001) was tested by univariate ANOVA 
on each region. Although subcortical structures 
had similar CBF at both normocapnia and 
hypocapnia, local CBF in the three cortical 
samples was greater in both the normocapnic and 
hypocapnic halothane groups than in the cor- 
responding isoflurane groups (table II). All other 
regions showed the opposite trend: CBF tended 
to be greater with isoflurane than with halothane. 
Only in the inferior colliculus did this reversal 
reach significance (P < 0.0001), where isoflurane 
CBF was approximately two-fold greater than 
that for halothane. 


DISCUSSION 


This study has confirmed that halothane is a 
selective cortical vasodilator and demonstrates 
that this effect was present during both normo- 
and hypocapnia. Furthermore, the degree of 
hypocapnic reduction of CBF with both agents 
was similar in both cortical and subcortical 
structures. 

There have been several reports on the effects 
of halothane and isoflurane on CBF in both 
animals [11-18] and humans [19-28]. There is 
debate on the relative effects of one agent 
compared with the other as far as relative 
vasodilating properties. This issue was reconciled 
partly by the report from Hansen and colleagues 
that, during normocapnia, halothane selectively 
dilated cortical but not subcortical structures 
relative to isoflurane. However, ‘“‘whole-brain”’ 
CBF did not differ between the two agents [3]. 
They suggested that the CBF methodology 
chosen may determine whether or not one 
observes a difference between the two agents. 
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MM Halothane-hypocapnia 
Zag |soflurane—hypocapnia 
kast*  Halothane-normocapnia 


lsoflurane~normocapnia 


Cerebral blood flow (ml/100 g min!) 





1 2 3 4 5 6 


Section number 


Fig. 2. Comparison of CBF from brain sections 1-6 for halothane and isoflurane during normo- and 

hypocapnia (mean, sx). There was a significant effect of Paco, value to decrease CBF in all sections. 

There were significant differences between anaesthetic groups only in the first section value in the two 

normocapnic groups and the sixth section value in the two hypocapnic groups. * Significantly different 
from halothane group at the same section level (P < 0.05). 


Tasis II. Local CBF (ml/100 g mint) in cortical and subcortical regions (mean (S8)). Significant 
effects: * anaesthetic; + hypocapnia 





Normocapnia Hypocapnia 
Halothane Isoflurane Halothane Isoflurane 
(n = 6) {(n=7) {n = 6) (n = 6) ANOVA 
Frontal cortex 153 (8) 119 (12) 119 (12) 82 (7) rF 
Motor cortex 162 (14) 121 (15) 115 (15) 85 (6) +t 
Sensory cortex 148 (12) 113 (14) 110 (13) 91 (6) aT 
Corpus callosum 56 (7) 61 (5) 43 (4) 46 (3) t 
Caudoputamen 155 (12) 132 (13) 112 (13) 91 (9) t 
Hippocampus 102 (11) 112 (9) 72 (5) 72 (6) + 
Hypothalamus 105 (12) 113 (9) 65 (6) 67 (D) t 
Thalamus 106 (10) 113 (14) 74 (6) 62 (5) + 
Inferior colliculus 148 (15) 234 (12) 111 (15) 184 (17) e+ 
Cerebellum 105 (8) 105 (8) 75 (6) 87 (6) t 





These authors also studied the flow—metabolism 
coupling during isoflurane or halothane anaes- 
thesia and found that isoflurane selectively de- 
pressed cortical metabolism ; they speculated that 
this was the cause of the relative vasodilatation by 
halothane in cortex [29]. Our results indirectly 


support their observations and assumptions. In 
our study there appeared to be no differential 
effect of one agent on carbon dioxide reactivity. 
As modest hypocapnia should not affect cerebral 
metabolic rate [30], if one assumes that the 
differing effects of halothane and isoflurane are 
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caused by effects on local metabolic rates, one 
would postulate that manipulation of cerebro- 
vascular resistance by hypocapnia would not alter 
flow distribution. 

Compared with halothane, isoflurane appears 
to enhance cortical CBF reactivity to Pago, in 
the cat by intra-arterial xenon-133 washout [15] 
and in the rabbit by hydrogen clearance [17]. 
However, using the venous outflow technique, 
canine global CBF Pago, reactivity does not differ 
for the two agents [13]. There are a large number 
of studies in humans which have examined Pago, 
reactivity to either isoflurane or halothane 
[19-21, 24, 25, 27, 28] and one study comparing 
the agents during carotid endarterectomy [31]. All 
the human studies have reported quantitatively 
similar slopes of the carbon dioxide response line, 
using both cortical-weighted measures (xenon-133 
washout) and whole-brain methods (Kety- 
Schmidt method). Our results suggest that cor- 
tical and subcortical carbon dioxide reactivity are 
similar in the carbon dioxide concentration range 
examined in this study. However, it should be 
noted that to compare most accurately quanti- 
tative differences in carbon dioxide reactivity for 
cortical and subcortical structures, one should use 
a repeated-measure CBF design for assessing 
individual subject reactivity, rather than looking 
at a slope of group means. Repeated measures of 
CBF is not possible at present with auto- 
radiographic CBF determination. However, 
using data derived from the experimental design 
in our present study, it can be concluded that 
there is no effect of hypocapnia on the pattern of 
cortical vs subcortical flow distribution with the 
two agents. 

Our reported values for global CBF should be 
interpreted cautiously, as the area-weighted 
method of estimating global CBF may bias the 
value towards the structures included in the 
sections used for the calculations. We adapted the 
method from that described by Hansen and 
colleagues [3] with the following modification: 
whereas they selected only forebrain structures 
that tended to be located centrally, we chose six 
sections placed approximately equidistant along 
the rostral-caudal axis of the brain. Despite the 
different method of choosing sections, our values 
for whole brain flow are similar. We observed a 
significant difference in the first (frontal cortex) 
section between halothane and isoflurane (al- 
though only at normocapnia), and attributed 
this to the preponderance of cortex in the sample. 
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A surprising observation was that hindbrain 
values for CBF were greater with isoflurane than 
for halothane. The same was true for one of the 
more caudal local structures we examined, inferior 
colliculus. Hansen’s group did not examine 
hindbrain, but found no difference in inferior 
colliculus local CBF [3]. However, Maekawa and 
colleagues [16] described CBF distribution at 
different MAC multiples of isoflurane and, for 1 
MAC isoflurane, reported CBF values for inferior 
colliculus and frontal cortex of 267 and 
149 ml/100 g min“, giving a ratio of 1.8, com- 
parable to our ratio of 2.0 for the same structures. 
Mohamed and colleagues [32] used a rat prep- 
aration anaesthetized with 1.0% halothane to 
evaluate the effect of nimodipine on flow- 
metabolism coupling. In their vehicle-treated 
control group, they reported values for inferior 
colliculus and frontal cortex of 230 and 
179 ml/100 g min~, giving a ratio of 1.3, com- 
parable to our ratio of 1.0. Although we know of 
no other published reports that compare directly 
the effects of halothane and isoflurane in caudal 
structures, there is some evidence that this 
differential effect between agents has been 
suggested previously. Although we have no good 
explanation for this selective effect of isoflurane, it 
is related presumably to a hindbrain metabolic 
effect. 

Although, in animal studies of neurological 
outcome after incomplete regional [33] or focal 
[34] ischaemia, no difference exists between the 
influence of isoflurane and halothane, isoflurane 
has been associated with fewer ischaemic EEG 
changes during carotid endarterectomy than halo- 
thane [35, 36]. Therefore, the issue of whether or 
not isoflurane affords some degree of cerebral 
protection relative to halothane remains to be 
resolved. Regardless of the baseline differences in 
relative amounts of vasodilatation, differences in 


‘CBF reactivity to carbon dioxide could affect the 


clinical management of patients at risk for de- 
velopment of intraoperative cerebral ischaemia, 
such as during carotid endarterectomy. The use of 
induced hypocapnia may be beneficial when 
applied during the acute development of cerebral 
ischaemia during general anaesthesia [5]. We 
conclude that, in the rat, halothane is a selective 
cortical vasodilator and this effect is present at 
both normo- and hypocapnia. Furthermore, halo- 
thane and isoflurane have similar effects on 
cerebral carbon dioxide reactivity. The use of 
hypocapnia to promote “inverse steal” in the 
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presence of cerebral ischaemia should be effective 
with both agents. 
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INTERACTION BETWEEN BETAMETHASONE AND 


VECURONIUM 


S. M. PARR, B. J. ROBINSON, D. REES AND D. C. GALLETLY 


SUMMARY 


A possible interaction between betamethasone 
and vecuronium was examined in 20 rat phrenic 
nerve—hemidiaphragm preparations. Ten prepar- 
ations were bathed in a physiological solution 
with betamethasone 1 umol litre! added and, 
after a 30-min period were exposed to vecur- 
onium at concentrations of 4, 6, 8 and 10 umol 
litre with vecuronium free washings between 
each exposure. Ten control experiments were per- 
formed also using a betamethasone-free bathing 
solution. In comparison with control, the beta- 
methasone group had significantly (P = 
0.0008) less depression of muscle contraction 
(twitch) force at all concentrations of vecur- 
onium. The calculated EDs, (50% depression of 
muscle contraction force) was 5.65 umol litre! 
for controls and 7.39 pmol litre for beta- 
methasone-pretreated preparations. This study 
confirms our previous clinical observations that 
an interaction occurs between vecuronium and 
betamethasone which is characterized by resist- 
ance to neuromuscular block. 


KEY WORDS 


Interactions: betamethasone, vecuronium. Neuromuscular 
relaxants: vecuronium. 


Steroids have been known for several years to 
facilitate neuromuscular function, and steroid 
induced resistance to competitive neuromuscular 
blocking drugs has been noted in three previous 
case reports [1-3]. Recently we reported two 
neurosurgical patients treated with betametha- 
sone who had apparent resistance to vecuronium, 
and in a subsequent review of anaesthesia case 
records we found that patients treated with 
betamethasone required on average, 75% more 


vecuronium than patients not treated [4]. In this 
study we have attempted to demonstrate an 
interaction between betamethasone and vecuro- 
nium in a rat phrenic nerve-hemidiaphragm 
preparation. 


MATERIALS AND METHODS 


Male Dark Agouti rats (8-10 weeks) weighing 
150-200 g were killed by cervical dislocation. The 
right and left hemidiaphragms with accompany- 
ing phrenic nerves were dissected out, placed 
horizontal in individual Res-Del organ baths and 
bathed with a physiological solution (RS-1 mam- 
malian solution) aerated with 5% carbon dioxide 
in oxygen [5]. The composition of the solution is 
summarized in table I. 

The bathing temperature was maintained at 
34.5+0.5°C and the muscle stretched to a basal 
preload tension of 4g. Each preparation was 
attached to an isometric force transducer inserted 
through the central tendon of the hemidiaphragm 
and was stimulated indirectly using suction elec- 
trodes attached to the phrenic nerve, with a 
continuous biphasic double pulse (12-ms pulse 
interval) square wave at a supramaximal voltage of 
0.1 ms duration at 0.2 Hz. Short periods (30 s) of 
direct muscle stimulation (supramaximal mono- 
phasic stimulation at 5 Hz) were performed also 
using muscle electrodes to exclude any local action 
of betamethasone or vecuronium on the muscle. 
Contractions were recorded isometrically and 
displayed on a pen chart recorder. 
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Tasia I. Solute composition and concentration of the physiological solution. BES = N,N-bis{2- 
hydroxyethyl]-2-aminoethanesulphonic acid 





Nat 136.0 mmol litre~! 

CI- 118.0 mmol litre“ 

K+ 5.0 mmol litre 

Ca** 1.2 mmol litre! 

Mg** 0.45 mmol litre 
HCO, 25.0 mmol litre"! 
BES 5.0 mmol litre"! 
D-Glucose 10.0 mmol litre? 


Glycerol 0.11 mmol litre} 

L-Aspartate 0.02 mmol litre™? 
t-Glutamate 0.30 mmol litre! 
L-Glutamine 0.40 mmol litre* 
DL-Carnitine 0.05 mmol litre-? 

Choline 0.01 mmol litre} 

Cocarboxylase (TTP) 0.043 mmol litre"! 
Insulin (porcine) 25 miu litre! 





Where possible, the preparations were used in 
pairs from the same rat, in independently perfused 
double organ baths with equal numbers of 
left/right hemidiaphragms used for each group. 
The flow rate of the perfusate was 2 ml min™!. At 
least 30 min was allowed for a steady state to be 
achieved; muscle contraction (twitch) force 
measurements produced by indirect and direct 
stimulation of preparations in the absence of 
steroid or neuromuscular blocker were recorded. 
One of the hemidiaphragm preparations was 
exposed to betamethasone 1 umol litre! for the 
duration of the investigation. All changes of 
perfusate solution commenced with a 40-ml flush 
(the volume of the organ bath) followed by 
perfusate 2 ml min“}?. Control and betamethasone 
treated preparations were exposed to vecuronium 
at concentrations of 4, 6, 8 and 10 pmol litre". 
Muscle contraction force (both direct and in- 
direct) was recorded 30 min after each change of 
perfusate containing vecuronium. Vecuronium- 
free solutions were used to wash the preparations 
until twitch height returned to contro! values, at 
which time the next vecuronium concentration 
was added. 

To ensure that preparations had not deterio- 
rated during the experimental period, data were 
not included in the analysis if the response to 
direct stimulation had decreased at the end of the 
experiment. 


Statistics 

Data from control and betamethasone groups 
were compared using analysis of covariance, with 
the dose of vecuronium as the covariate and terms 
for the control or betamethasone groups and for 
individual preparations within these groups. A 
test for difference in slope between the control 
group and betamethasone group was made by 
including a dose x group term in the model. 
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Fic. 1. Dose-response relationship for control (©) and 

betamethasone-pretreated (@) preparations (mean, SEM). The 

ED;o for 50 % depression of twitch height was 5.65 pmol litre! 

for control and 7.39 umol litre! for betamethasone-pretreated 
preparations. 


RESULTS 


Satisfactory data were obtained from 20 hemi- 
diaphragm preparations. Ten received beta- 
methasone and 10 acted as control. No significant 
difference was observed in indirectly or directly 
stimulated mean twitch height before and after 
addition of betamethasone. 

The slopes of the dose-response lines to 
vecuronium in control and betamethasone treated 
preparations were not significantly different (P = 
0.14) (fig. 1). When a common slope was fitted, in 
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comparison with control, the betamethasone 
group showed significantly (P = 0.0008) less de- 
pression at all concentrations of vecuronium 
examined. The calculated ED,, for 50% de- 
pression of twitch height was 5.65 umol litre“! for 
controls and 7.39 umol litre} for betamethasone 
pretreated preparations. Thus the addition of 
betamethasone increased the ED,, for vecuronium 
by approximately 30%. 


DISCUSSION 


In 1944, Torda and Wolff demonstrated that 
neuronal synthesis of acetylcholine could be 
increased by prior administration of adreno- 
corticotrophic hormone (ACTH) [6]. They 
demonstrated also that, in the absence of ACTH 
(hypophysectomized rats), there was reduced 
acetylcholine synthesis resulting in neuromuscu- 
lar dysfunction, which was restored following 
administration of ACTH [7]. 

Recent case reports suggest that an interaction 
between corticosteroids and the neuromuscular 
junction may have clinical implications for the 
anaesthetist. There have been two case reports of 
partial recovery from pancuronium given in 
association with steroid therapy [1, 2] and a case 
of resistance to vecuronium in a patient receiving 
long-term testosterone [3]. Following two cases of 
unexpected movement during neurosurgery in 
patients receiving vecuronium and pretreated 
with betamethasone, we performed a retrospective 
review of 50 neurosurgical patients, examining 
the doses of vecuronium administered to patients 
with and without betamethasone pretreatment. 
Those data suggested that patients pretreated 
with betamethasone were resistant to the neuro- 
muscular blocking properties of vecuronium and 
required, on average, 75% more blocking drug 
[4]. 
Animal studies that have examined the effects 
of tubocurarine in the presence of glucocorticoids 
have demonstrated resistance to the effects of the 
neuromuscular blocker in animals treated with 
prednisolone [8], dexamethasone [9], betametha- 
sone [10] and triamcinolone [11, 12]. 

In this study we have demonstrated that the 
reduction in twitch tension caused by vecuronium 
was reduced considerably in the presence of 
betamethasone 1 umol litre!. Although the 
mechanism of this interaction is not fully under- 
stood, previous work suggests several possible 
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sites where steroids may affect neuromuscular 
transmission: 


(1) Motor neurone 


Glucocorticoids have been shown to have a 
direct facilitatory effect at the impulse generating 
end of the motor nerve axon. In the cat, 
administration of large doses of methylpredni- 
solone (8 mg kg"! day! i.m.) for 1 week altered 
the electrical properties of spinal motor neurones 
and increased the excitability of the initial axon 
segment, the site of physiological impulse initia- 
tion [13]. 


(2) The presynaptic nerve terminal 

Experimental work suggests that cortico- 
steroids act presynaptically stimulating the syn- 
thesis, spontaneous release and stimulated release 
of acetylcholine. 


(a) Synthesis of acetylcholine. The synthesis of 
acetylcholine is related directly to the supply of 
extraneural choline, which is transported by a 
sodium dependent carrier system located at the 
presynaptic membrane of the nerve terminal. 
Hemicholinium-3 is a presynaptic inhibitor of 
this carrier-mediated transport and virtually 
abolishes the synthesis of acetylcholine. Dexa- 
methasone and prednisolone partially antagonize 
hemicholinium-3 [14] and increase acetylcholine 
synthesis in vitro by facilitating the uptake of 
choline and its subsequent incorporation into 
acetylcholine [15]. Electron micrographs of the 
neuromuscular junction support corticosteroid 
enhanced acetylcholine synthesis by revealing 
increases in the mean size of synaptic vesicles after 
incubation with prednisolone and dexamethasone 
[16]. 


(b) Spontaneous release of acetylcholine. Micro- 
molar concentrations of prednisolone and dexa- 
methasone have been shown to increase both the 
amplitude and frequency [17-19] of miniature end- 
plate potentials. These observations suggest that 
corticosteroids facilitate spontaneous release of 
acetylcholine. 


(c) Stimulated release of acetylcholine. The ap- 
plication of small concentrations of prednisolone 
(1 pmol litre?) to the frog neuromuscular junc- 
tion results in a doubling of nerve evoked end- 
plate currents. However, if prednisolone is added 
specifically to the end-plate via a micropipette, 
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such a response is not observed. This implies that 
stimulated release of acetylcholine may be aug- 
mented by corticosteroids acting at a presynaptic 
site [20]. 


(3) Postsynaptic nerve terminal 


In the rat, large concentrations of prednisolone 
(0.6 mmol litre“) have a depressant effect on 
neuromuscular transmission. However, dexa- 
methasone counteracts the suppression of con- 
traction caused by tubocurarine at small concen- 
trations, but this effect is not observed when 
greater concentrations of steroid are used [9]. It 
has been suggested, therefore, that the presynaptic 
facilitatory effects of small concentrations of 
corticosteroids on acetylcholine release may be 
overcome by a greater postsynaptic depressant 
effect at large concentrations [21]. This may 
explain why some workers have failed to dem- 
onstrate any evidence of recovery from tubo- 
curarine after administration of prednisolone [22]. 

The evidence suggests that the major site of the 
facilitatory actions of corticosteroids at the neuro- 
muscular junction is prejunctional and it seems 
feasible that the attenuation of competitive neuro- 
muscular block observed in our study is a 
consequence of steroid-induced enhancement of 
acetylcholine synthesis and release. 

A prejunctional reduction in release of acetyl- 
choline by vecuronium, in addition to post- 
junctional receptor block, has been reported using 
in vitro toad neuromuscular preparations [23]. 
However, conclusions made from in vitro neuro- 
muscular preparations investigating presynaptic 
modulation are limited [24] and the presence of 
autoregulating presynaptic acetylcholine recep- 
tors at the motor end-plate area has been 
questioned [25]. Perhaps of more clinical rel- 
evance are the observations of Baker and his 
colleagues in anaesthetized cats. They reported 
a biphasic prejunctional effect of vecuronium; at 
small concentrations of vecuronium, acetylcholine 
release was increased, while at greater concentra- 
tions acetylcholine release was reduced [26]. This 
may indicate that vecuronium interacts with two 
distinct populations of presynaptic acetylcholine 
receptors [24] or that the im situ effects of 
cholinergic antagonists (or agonists) on neuro- 
muscular transmission are mediated, in part, by 
the central nervous system [25]. Whether the 
interaction between vecuronium and beta- 
methasone occurs at presynaptic cholinergic 
receptors has not been demonstrated in this 
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report, but it would be of interest to examine 
further the interaction at the neuromuscular 
junction between corticosteroids and other 
cholinergic agonists—antagonists in terms of pre- 
and postjunctional effects. 


ACKNOWLEDGEMENTS 


This study was supported by the Wellington Medical Research 
Foundation and the Wellington Anaesthesia Trust. We thank 
Mr G. Purdie for statistical advice. 


REFERENCES 


1. Meyers EF. Partial recovery from pancuronium neuro- 
muscular blockade following hydrocortisone administra- 
tion. Anesthesiology 1977; 46: 148-150. 

2. Laflin MJ. Interaction of pancuronium and cortico- 
steroids. Anesthesiology 1977; 47: 471-472. 

3. Reddy P, Guzman A, Robalino J, Shevde K. Resistance to 
muscle relaxants in a patient receiving prolonged tes- 
tosterone therapy. Anesthesiology 1989; 70: 871-873. 

4. Parr SM, Galletly DC, Robinson BJ. Betamethasone 
induced resistance to vecuronium: a potential problem in 
neurosurgery? Anaesthesia and Intensive Care 1991; 19: 
103-105. 

5. Rees D. Consideration of the inorganic and organic 
composition of mammalian perfusion solutions. In: 
Doring MJ, Dehnert H, eds. Isolated Perfused Organ 
Preparations. March: Biomesstechnik-Verlag, 1989; 85- 
94. 

6. Torda C, Wolff HG. Effect of adrenotrophic hormone 
of pituitary gland on ability of tissue to synthesize 
acetylcholine. Proceedings of the Society for Experimental 
Biology and Medicine 1944; 57: 137-139. 

7. Torda C, Wolff HG. Effects of hypophysectomy and 
adrenocorticotrophic hormone on neuromuscular function 
and acetylcholine synthesis. American Journal of Physi- 
ology 1950; 161: 534-539, 

8. Arts WF, Oosterhuis HJ. Effect of prednisolone on 
neuromuscular blocking in mice in vivo. Neurology 1975; 
25: 1088-1090. 

9, Leeuwin RS, Veldsema-Currie RD, Van Wilenburg H, 
Ottenhof M. Effects of corticosteroids on neuromuscular 
blocking actions of d-tubocurarine. European Journal of 
Pharmacology 1981; 69: 165-173. 

10. Webb SN, Parker SG. Effect of corticosteroids on partially 
curarised skeletal muscle. International Congress of Phar- 
macology 1978; 7: 477. 

11. Riker WF, Hall ED, Baker T. Glucocorticoid unmasking 
of an anti-curare action of curare. Pharmacologist 1977; 
19: 197, 

12. Hall ED. Glucocorticoid modification of the respon- 
siveness of a fast (type 2) neuromuscular system to 
edrophonium and d-tubocurarine. Experimental Neur- 
ology 1980; 69: 349-358. 

13. Hall ED. Glucocorticoid effects on the electrical proper- 
ties of spinal motor neurons. Brain Research 1982; 240: 
109-116. 

14. Wolters EChMJ, Leeuwin RS. Effects of corticosteroids 
on the phrenic nerve—diaphragm preparation treated with 
hemicholinium-3. Neurology 1976; 26: 574-578, 

15. Veldsema-Currie RD, Wolters EChMJ, Leeuwin RS. 


BETAMETHASONE AND VECURONIUM 


16. 
17. 


18. 


19. 


The effect of corticosteroids and hemicholinium-3 on 
choline uptake and incorporation into acetylcholine in rat 
diaphragm. European Journal of Pharmacology 1976; 35: 
399—402. 

Van Wilenburg H, Njio KD, Belling GAC, Van Den 
Hoven S. Effects of corticosteroids on the myoneural 
junction. A morphometric and electrophysiological study. 
European Journal of Pharmacology 1982; 84: 129-137. 
Van Wilenburg H. The effect of prednisolone on neuro- 
muscular transmission in the rat diaphragm. European 
Journal of Pharmacology 1979; 55: 355-361. 
Veldsema-Currie RD, Van Wilenburg H, Labruyere 
WTh, Langemeijer MWE. Presynaptic, facilitatory effects 
of the corticosteroid dexamethasone in rat diaphragm : 
modulation by beta-bungarotoxin. Brain Research 1984; 
294: 315-325. 

Dalkara T, Onur R. Facilitetory effects of dexamethasone 
on neuromuscular transmission. Experimental Neurology 
1987; 95; 116-125. 


. Dreyer F, Peper K, Sterz R, Bradley RJ, Muller KD. 


2l. 


26. 


451 


Drug-receptor interaction at the frog neuromuscular 
junction. Progress in Brain Research 1979; 49: 213-223. 
Wilson RW, Ward MD, Johns TR. Corticosteroids: A 
direct effect at the neuromuscular junction. Neurology 
1974; 24: 1091-1095. 


. Hofmann WW. Antimyasthenic action of corticosteroids. 


Archives of Neurology 1977; 34: 356-360. 


. Torda TA, Kiloh N. Myoneural actions of Org NC 45. 


British Journal of Anaesthesia 1982; 54: 1217-1221. 


. Starke K, Gothert M, Kilbinger H. Modulation of 


neurotransmitter release by presynaptic autoreceptors. 
Physiological Reviews 1989; 69: 864-989. 


. Haggblad J, Heilbronn. Release of acetylcholine at the 


endplate of the rat—evidence against a muscarinic 
acetylcholine autoreceptor. British Journal of Pharma- 
cology 1983; 80: 471-476. 

Baker T, Aguero A, Stance A, Lowndes HE. Prejunctional 
effects of vecuronium in the cat. Anesthesiology 1986; 65: 
480-484. 


British Journal of Anaesthesia 19913; 67: 452-463 


THE PRONE POSITION FOR THE SURGICAL PATIENT: 
A HISTORICAL REVIEW OF THE PRINCIPLES AND 


HAZARDS+ 


J. M. ANDERTON 


Surgery on the spinal axis 


Surgery for the correction of gross spinal 
abnormality or for the management of intradural 
pathology remains relatively rare and this work is 
performed in a few specialized centres. However, 
lumbar disc surgery is now extremely common 
and is performed in all neurosurgical units and in 
most hospitals with an orthopaedic department. 
Before 1934, occasional cases of prolapsed inter- 
vertebral disc had been described in the literature; 
usually they had been misdiagnosed and treated as 
extradural chondromas. Goldthwait [14] in 1911 
proposed that disc prolapse could be a cause of 
compression of the cauda equina producing 
symptoms of sciatica and low back pain. Sporadic 
clinical case reports appeared thereafter and 
important confirmatory pathological observations 
were also made about this time [54]. In 1934, the 
neurosurgeon William J. Mixter and the ortho- 
paedic surgeon Joseph S. Barr wrote a paper 
establishing the degenerative aetiology of disc 
herniation and its relation to sciatic pain [31]. 
Their work is regarded as the “classic” in this 
field. It was read at a meeting of the New England 
Surgical Society on September 30, 1933 at Boston 
and published in the New England Journal of 
Medicine. 


Early accounts of lumbar intervertebral disc 
surgery 

The first article mentioning any aspect of 
anaesthesia for lumbar disc surgery was by Love 
and Camp of the Mayo Clinic [27]. An ether 
anaesthetic administered by open drop method 
over the end of a Magill tracheal tube was used. 
Cervical laminectomies were performed with the 
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patient in the upright position; other lamin- 
ectomies were performed with the patient prone. 
In the latter, the torso was supported by two 
rolled pillows placed in the longitudinal axis so as 
not to interfere with ventilation. Surgery in the 
lower lumbar region was facilitated by placing a 
large soft pillow between the symphysis pubis and 
xyphoid process in order to increase the promin- 
ence of the lumbar spinous processes. 

Between 1944 and 1956, several authors refer to 
laminectomy performed with the patient posi- 
tioned on a “special operating table” [32, 41, 48]. 
However, it is likely that these were available only 
in the few neurosurgical centres where surgeons 
were already accustomed to open the spinal canal. 
Even up to 1950, this was a relatively rare event; 
Hunter [21], writing at that time stated that he 
had been unable to find a single reference in the 
literature to anaesthesia for spinal tumours. 
Haemorrhage was a constant problem, so much so 
that Pearce [36] stated that many workers in this 
field chose to operate with the patient in the lateral 
position so that the blood could run out of the 
wound rather than collect in the depths of the 
cavity. Bonica and Lyter [5] found that blood loss 
during operations on the spinal column varied 
from 658 to 992 ml. 

Problems of positioning were compounded 
further by the limitations of the current general 
anaesthetics administered without the benefit of 
neuromuscular blocking drugs. The surgeon was 
faced, therefore, with access made difficult by 
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spasm of the overlying erector spinae muscles, 
compounded by any anterior spinal curvature 
opposing the edges of the vertebral bodies through 
which degenerated disc material needed to be 
extracted. Anaesthetic and position-related ven- 
ous back pressure producing excessive haem- 
orrhage added further insult to injury. The 
problem of “undoing the anterior lumbar curve” 
alluded to previously by Love and Camp [27] 
must have been of considerable significance and 
was mentioned by two further writers: Hunter 
[21] stated that it was not uncommon for the 
surgeon to request that the patient be positioned 
prone over a transversely placed metal bar, and 
Lipton [26] stated that the surgeon would want 
“the table split and the abdomen packed with 
pillows”. Whichever method was used, the aorta 
and inferior vena cava must have been occluded 
partly or completely, with congestion and haem- 
orrhage. Communication between the inferior 
vena cava and the extradural veins via the lumbar 
plexus was already well documented [4, 7, 35]. 
The first European article relating to anaes- 
thesia for lumbar disc surgery was published ‘in 
1942 by Wiberg [52]. Dr Love, surgeon to the 
Mayo Clinic, had visited the Karolinska clinic in 
Sweden in 1939. Wiberg commented that they 
started by using an infiltration local anaesthetic 
technique advocated in the U.S., but later 
modified it by addition of either general an- 
aesthesia or intrathecal local anaesthetic. This was 
necessitated by the excruciating pain experienced 
by patients when inflamed and stretched spinal 
roots were touched. Unfortunately, he did not 
mention positioning the patient for surgery. In 
the U.S.A., Smith, Deery and Hagman [41], 
describing 100 cases of surgery for herniation of 
the nucleus pulposus operated on between 1937 
and 1943, stated that “‘the operation was done on 
a special table which places the patient in the 
kneeling position with the hips flexed at 90°” and 
he considered this positioning “an important 
point in the technique”. Nitikman [34] in 1946, 
describing a spinal (intrathecal) anaesthetic tech- 
nique, also mentioned the use of a special table 
with a “gatch” which was raised acutely at the 
level of the crest of the ilium. The patient was 
placed over this and then two pads, 20 cm wide 
and 7.5 cm thick, were placed from iliac crests to 
the xiphoid process; these pads were tapered to 
half their thickness to support the chest. Similar 
methods using only lateral bolsters [21] or 
specially shaped foam pads [3] have also been 
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described. Loss of shape and support occurs with 
repeated use and contamination with blood and 
cleaning fluids may be a risk to other patients and 
staff. 

Falconer, McGeorge and Begg [12], reviewing 
100 cases in 1948, briefly mentioned that patients 
were positioned with a sandbag under the groins 
and a pillow beneath the chest. They also pointed 
out that positioning the patient so that the lumbar 
spine was hyperextended was a useful test of the 
macroscopically “normal” but degenerate disc. 
With hyperextension, it bulges posteriorly into 
the vertebral canal, whereas the normal one does 
not. 

Over-enthusiastic surgical attempts to clear the 
entire intervertebral disc space may result in 
perforation of anterior intervertebral ligaments 
and damage to the underlying major blood vessels. 
The first reports of this complication occurred as 
early as 1945 [25]. Fortunately, the damage on 
that occasion was not acute and resulted in an 
arteriovenous fistula between the right common 
iliac artery and the inferior vena cava. It was 
discovered some 7 months after the initial lamin- 
ectomy and was repaired successfully. In 1948, 
Holischer [19] described a similar case, although 
major vessel damage was suspected at the time of 
discectomy. By 1954 Harbison [16], also after 
experience of a similar case, conducted a survey of 
100 surgeons in the U.S.A. and obtained reliable 
information on another 25 injuries to major blood 
vessels occurring as a result of surgery for 
intervertebral lumbar disc protrusion. There was 
a 61% mortality from this complication in the 
series; six of the patients who survived developed 
arteriovenous fistulae and one subsequently died. 
Of great importance was the finding that in more 
than 50 % of patients such injuries do not manifest 
themselves by external haemorrhage at the sur- 
gical site, and unless both the anaesthetist and 
surgeon are aware of this possibility, unexplained 
hypotension may be ascribed to other causes. 
Methods of prone positioning currently in use at 
that time, which forced the great vessels against 
the lumbar interspaces, were suggested as a 
contributory factor in the aetiology of this com- 
plication. In the same year, Seeley, Hughes and 
Jahnke [39] reported a further two cases. They 
examined vessels likely to be damaged at different 
intervertebral disc levels and urged that im- 
mediate transabdominal exploration and repair 
should be carried out when this complication is 
confirmed or seriously suspected. 
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Fic. 1. The kneeling position as described by Ecker (1949 [10]). 








Frc. 3. The first description of a “Frame” for supporting the prone patient 


(Moore and Edmonds, 1950 [32]). 


Harbison’s survey [16] also revealed one case of 
injury to the small bowel. This was recognized at 
the time of operation by the appearance of 
intestinal mucosa in the jaws of the pituitary 
rongeur. Immediate laparotomy was performed 
with closure of the torn bowel, with good results. 
A similar case reported by Smith and Estridge 
[42] was not diagnosed conclusively until lap- 
arotomy on the second day after operation. 
Damage to the bowel is, however, quite rare; only 


three of 140 reported intra-abdominal injuries 
were in this category. 


Keeping external pressure away from the anterior 
abdominal wall 


In an attempt to overcome the adverse effects of 
external pressure on the anterior wall, Ecker [10] 
in 1949 (fig. 1) and Lipton in 1950 [26] (fig. 2) 
described similar positions. The thighs were well 
flexed but splayed out away from the abdominal 
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"i = a 
Fic. 4. Pelvic support made from bed blocks. The right limb 
is movable on the metal bar and fixed by split-pins (Taylor, 
Gleadhill and Bilsand, 1956 [48]). 


wall. The chest was supported either by a sling 
(Ecker) or pillows (Lipton). However, in 1952 
Gordon and Newman reported a death from acute 
renal failure as a result of crush injury to thigh and 
calf muscles [15]. A similar but non-fatal case was 
reported in 1969 by Keim and Weinstein [22]. 

By 1950 it had become apparent to Moore and 
Edmunds [32] that the shortcomings of specially 
adapted tables and the less sophisticated tech- 
niques of simple propping with sandbags and 
pillows required further development. They pub- 
lished their experience of using a “frame” over 
which the patient could be positioned (fig. 3). It 
had the twin advantages of easy storage, transport 
and use, together with minimal physiological 
disturbance for the patient. Both the Mackay [29] 
and the Wilson “frames” were of similar design, 
but with greater facility for adjustment. 


Specific support for the pelvis 

The next important advance was an article 
published in 1956 in British Journal of Anaesthesia 
by Taylor, Gleadhill and Bilsand [48], emphasiz- 
ing the need to minimize extradural venous 
bleeding by avoiding abdominal and thoracic 
compression. This was achieved by an easily made 
adjustable prop which could be used on any 
conventional operating table. The authors 
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Fic. 6. Measurements of the inferior vena cava pressure in the 
prone position made by Pearce in 1957 [36]. 


acknowledged that the principle involved was 
copied from an operating table designed specially 
by Professor Norman Dott of Edinburgh. This 
table had a series of vertically adjustable U- 
shaped segments arranged across it. The patient 
was placed prone, and then the segment at the 
level of the iliac crests was raised well above the 
others, allowing the abdomen to sink in front of it. 
He postulated that, as pressure in any valveless 
venous system was least at its highest point, the 
body should be placed on the table so that the 
operation field is at the highest point. The thorax 
was supported also, but the abdomen and neck 
were free of external pressure. The prop (figs 4, 5) 
has one fixed support, and one free to be adjusted 


Fig. 5. Lateral view showing the abdomen lifted clear of the table with the weight distributed between 
the pelvis, legs and shoulders. 
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Frc. 8. X-ray studies demonstrate well that femoral flexion can 
abolish the lumbar curve and improve posterior access to the 
intervertebral space. 


according to the width of the patient’s pelvis. The 
original description shows the lateral rim of both 
supports higher than the medial margin, to 
prevent the patient slipping sidewards. This is an 
extremely important precaution and it is a pity it 
was not incorporated into other copies of this 
prop, for example the Manchester version. With- 
out such a precaution, any displacement of the 


patient always leads to compression of one femoral- 


neurovascular bundle in the groin and operating 
conditions are impaired. (This is also a risk with 
other propping systems in which the individual 
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props are not fixed to a firm base plate.) Scientific 
support for the concepts outlined above came 
quickly on the heels of this publication. Pearce 
[36], in a ‘“‘Registrar’s Prize’? paper to the 
Anaesthetic Section of the Royal Society . of 
Medicine in 1957, provided the first recordings of 
inferior vena cava pressures made with a patient 
in the prone position (fig. 6). From a diagram 
of the positioning of his patients, it was clear that 
the “built-up” sides of the blocks prevented 
lateral displacement. 


A modified operating table 


Smith, Gramling and Volpitto [45] in 1961 
described the “Georgia Prone Position” using 
fixed props beneath the pelvic crests. The thighs 
were flexed at right angles and some of the 
patient’s weight was supported by the knees (fig. 
7). Drawings from lateral x-rays taken in this 
position show the effect on spinal curvature of 
lowering the thighs to rotate the pelvis backwards 
and downwards. The lumbar spine becomes 
flatter and this can be advantageous to the surgeon 
by improving posterior access to the intervertebral 
disc space (fig. 8). Their subjective tests of 
conscious volunteers placed in the prone position 
showed that the patient’s back and neck must be 
in the same plane to allow the head to be turned 
painlessly to each side; the arms should rest on 
the operating table “above” the head to prevent 
discomfort; the infraclavicular fossae should be 
free of pressure points and, in female patients, the 
breasts must be displaced laterally. Transverse 
rolis placed anywhere under the body (except 
under the ankles), produce pain, particularly if 
under the chest, iliac spine, pubis or trochanters. 
Later (1964) Smith [43] described a special device 
for use in this position, based on an adjustable 
automobile jack which could be placed below the 
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Fic. 9. The Relton and Hall Frame designed for spinal fusion 
surgery using the Harrington Rod. 


knees both for support, and for accurate 
positioning, in order to produce the desired degree 
of spinal curvature. By 1974, however, Smith [44] 
appeared to have abandoned the Georgia prone 
position in favour of adjustable props similar in 
principle to the technique of Taylor and Pearce. 


Influence of reconstructive spinal surgery 


The need to provide a satisfactory support 
system for patients undergoing orthopaedic sur- 
gery for kyphoscoliosis correction became necess- 
ary in the 1960s. Their deformity made initial 
positioning difficult and potentially unstable, and 
this was compounded when further loss of skeletal 
support occurred during operation. Operative 
blood loss was measured in a series of 44 patients 
by Relton and Conn [37]. Seventy-five percent of 
the patients lost more than 50% of their 
circulating blood volume. Following these 
studies, Relton and Hall [38] published their 
description of an “operation frame for spinal 
fusion”. This was the first, and only, frame in 
which four individual, adjustable supports were 
arranged on a rail system, allowing accurate 
positioning irrespective of skeletal deformity (fig. 
9). Blood loss in the initial series of patients 
studied compared favourably with that of Relton 
and Conn. When the supports are positioned 
anterolaterally, they tend to facilitate correction of 
the scoliosis; any tendency towards hyper- 
extension of the vertebral column may be counter- 
acted partially by lowering the legs (as first 
demonstrated by Smith). Relton and Hall did not 
recommend use of the frame for laminectomy for 
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lumbar disc protrusion because of the lordosis it 
induced. However, it is possible to use the lower 
pelvic supports mounted on a different base plate 
for this purpose (fig. 10) (in the same manner as 
Taylor’s prop) provided that some flexion of the 
thighs is obtained. The chest is then supported on 
pillows or a foam pad. The full frame has been 
advocated by Humphries and colleagues [20] for 
use in neurosurgical procedures on the upper 
cervical spine and posterior fossa in children. 
Mouradian and Simmons [33] have described a 
method of combining the Foster or Stryker frame 
with the Relton and Hall frame so that continuous 
skeletal traction may still be applied whilst the 
patient is undergoing surgery. 

The acute neurological complications arising as 
a result of corrective surgery for scoliosis were 
reviewed in 1975 by MacEwan, Bunnell and 
Krishnaswami [28]. Seventy-four major complic- 
ations involving the spinal cord occurred in 7885 
operations, 50% complete paraplegia and 50% 
partial paraplegia. Only 36% recovered com- 
pletely. 


The “seated” prone position 

Probably the most significant advance in prone 
positioning was made by Tarlov [46] in 1967 
when he published a description of support via 
the ischial tuberosities—that is, a seated prone 
position with the operating table tipped steeply to 
approximately 45° (fig. 11). It is interesting that 
Ecker [10], Lipton [26] and Smith, Gramling and 
Volpitto [45] came close to this position without 
seeing that final development. Taylor, Gleadhil] 
and Bilsand [48] did describe the use of a bicycle 
saddle to provide further support for their iliac 
crest propped position, but again failed to see the 
advantages of using it as a primary method. Other 
authors publishing later descriptions of the same 
idea include Hastings [17], Laurin and colleagues 
[23] and Dinmore [8]. The chest pad or pillows 
should not encroach on the neck or compress the 
epigastrium. There is no pressure on either the 
viscera or inferior vena cava, and vessels in the 
groin are not at risk, as they are in many other 
methods of support. 

Even in procedures of very long duration, it is 
rare to see any adverse effects from pressure on 
the knees. Postoperative phlebothrombotic prob- 
lems in the lower limbs are also rare. Tarlov [47] 
described two minor cases in 300 operations, and 
ascribed these to excessive flexion of the hips and 
knees. External compression apparatus can be 
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Fic. 10. Props from the “Relton and Hall” frame with a 
special base plate may be used for pelvic support in surgery of 
the lumbar spine. 


applied routinely below the knees. In 1969, 
Laurin and colleagues measured inferior vena 
cava pressure and found it to be as little as 2 cm 
H,O [23]. Venograms of the inferior vena cava 
were compared with the patient on a conventional 
laminectomy frame and on the Tarlov seat. With 
the latter, back flow up into the extradural veins 
did not occur and more rapid emptying into the 
right atrium of the heart was evident. 

The illustration in Tarlov’s original article and 
in a later one [47] shows the patient’s back to be 
more or less horizontal. Hastings [17] and 
Dinmore [8] both specify this in their text. Laurin 
and colleagues [23] advised that the chest should 
be slightly lower than the buttocks, to favour 
‘drainage of the vena cava into the left atrium. 
However, taking the weight off the ischial 
tuberosities may make the patient less stable, and 
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TABLE I. Effects of position on central venous pressure and 
airway pressure in laminectomy patients [6] 


Central venous pressure (cm H,O) 





Patient Supine Prone on Sitting 

weight under laminectomy prone 
(Ib) Operation general frame position 
200 Thoracic 1 14 1 
110 Lumbar 3 10 2 
150 Thoracic 10 16 2 
200 Lumbar 5-6 8-10 1 
170 Thoracic 34 12-14 1-0 
250 Lumbar 1 16 1 
175 Lumbar 2 13 0 
150 Lumbar 6 7.5 0 
200 Lumbar 4 6 0 
180 Lumbar 6-7 10-12 1-0 
170 Lumbar 4 8 0 
180 Lumbar 34 8 0 


it must be remembered that, in any situation 
where veins are opened inadvertently at a surgical 
procedure taking place above heart level, there is 
theoretically a risk of venous air embolism. Clearly 
this should not occur when the central venous 
pressure is greater than the vertical distance 
between the atrium and the open veins. However, 
with the “‘Tarlov”’ position central venous press- 
ure is usually small—approximately 0-2 cm H,O 
with the back horizontal. This was confirmed by 
Cook and colleagues [6] in 12 patients (table I). 
Distephano and colleagues [9] gave a comparison 
of inferior vena cava pressures measured during 
surgery for lumbar procedures and again con- 
firmed that the Tarlov position is superior in this 


Fie. 11. Tarlov (1967 [46]) described this as the “knee chest position”. However, the use of the term 
“seated prone” distinguishes it from similar less satisfactory versions (vide Lipton [26] and Ecker [10]). 
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TABLE II. Central venous pressure values in a variety of 





positions [9] 
Average CVP 
Arrengement (cm H,0) 
Georgia prone 20.7 
Prone chest rolls 15.9 
Lateral decubitus 11.1 
Wilson frame 10.1 
Tuck position 9.4 
Hastings frame 1.4 


respect (table II). However, the actual risk of 
venous air embolism seems to be very small 
indeed. There is one report of a fatality in the 
literature [40] but in this patient posterior fossa 
surgery was being performed for a large arterio- 
venous malformation. 

The question of whether or not patients should 
have a central venous pressure catheter sited in 
the right atrium was raised by Goldberg [13] in 
1977. Tarlov [47] stated that in his experience of 
several hundred patients, it was not necessary for 
lumbar surgery. He made the point that the spinal 
veins, unlike the large intracranial veins and dural 
sinuses, are not kept open by bony and fascial 
attachments and this may be the reason for the 
apparent safety of the position despite known 
small central venous pressures. In further cor- 
respondence on the subject Albin and colleagues 
[1] advocated the use of both right atrial catheters 
and Doppler ultrasonic transducers, even for 
lumbar surgery, and quoted detection of venous 
air embolism in neurosurgical patients in the 
lateral, supine and prone positions with gradients 
between the wound and the heart as small as 5 cm. 
It would appear from more recent work by 
Backofen and Schauble [2] that the value of a right 
atrial catheter lies more in its propensity as a route 
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of aspiration than for the information it may 
provide. They recommend that poor risk patients 
who would be unlikely to tolerate a reduction in 
cardiac index of around 20 % should have arterial 
and thermodilution catheters inserted. 

A 15-year survey was undertaken by Wayne 
[50] in 1984 and he reported favourably on the use 
of this position. In 253 patients, there was only 
one case of deep vein thrombosis in the leg with 
uncomplicated pulmonary embolus. Together 
with Tarlov’s experience, this represents a fairly 
impressive safety record. Serious air embolism is 
a very rare event when the position is used for 
lumbar surgery. 


A different approach—the evacuatable mattress 


The late Dr J. V.I. Young of the London 
Hospital first drew attention to the use of an 
“evacuatable”’’ mattress (Evac M) (fig. 12) in 1982 
and published an account of its more general 
applications [55]. This method of support spreads 
the load evenly over the entire anterior body 
surface, thus minimizing pressure sequelae. Soft 
plastic granules are enclosed in a heavy duty, 
airtight flexible plastic container. Air may be 
sucked out or let in through a stoppered valve, 
causing a change in consistency, so that it holds its 
shape until opened to the atmosphere again. The 
anaesthetized patient is turned into the prone 
position whilst the mattress is still soft; the 
mattress is then moulded to fit the body contours, 
ensuring a slight gap beneath the epigastrium, and 
air is sucked out. The excellent heat retaining 
properties are a useful advantage. 


Spectfic support for the head and neck, and 
protection for the face 


Patients with symptoms of neck pain are often 
anxious before operation that their disability be 





Fig. 12. Prone position using the evacuatable mattress. 
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noted, for fear that it will be worse afterwards. 
Both cervical hyperextension and rotation must 
be avoided. Younger patients with capacious 
cervical spinal canal are probably not at much risk 
from hyperextension, but the older patient with a 
canal narrowed by osteophytes may develop 
compromised spinal cord blood supply if the canal 
is narrowed further by bad positioning. Ehni [11] 
and Wilkes [53] reported cases of postoperative 
neurological deficit as a result of supine, lateral 
and lithotomy positioning and, although there do 
not appear to be any similar reports associated 
with the prone position, it is reasonable to assume 
that the cervical spinal canal may also be com- 
promised. Great care must therefore be taken 
both in the actual turning process, when a short 
but severe episode of hyperextension can very 
easily take place and in the final resting position. 
Of the latter, Young [55] states “that it is not 
often appreciated how much higher the shoulders 
have to be than the head in the face down position 
to avoid extending the neck, a good guide is the 
absence of a transverse skin crease at the back of 
the neck”. Flexion of the neck and the atlanto- 
occipital joint should be avoided in patients with 
posterior fossa tumours as it may provoke brain- 
stem ischaemia. It may be difficult to diagnose this 
without the use of somatosensory evoked potential 
monitoring [30]. 

Damage to the eyes in a patient in the prone 
position is a serious complication. The first report 
in the literature [49] described two cases of retinal 
ischaemia with unilateral blindness occurring 
during pulmonary resection carried out in the 
prone position. A rubber cushioned horse-shoe 
support was used. In each case undetected 
rotation of the head occurred and protracted 
direct pressure on the globe ensued. In 1954, 
eight similar cases were reported from the Mayo 
Clinic; all had rested on the horse-shoe in either 
the prone or sitting position [18]. Experimental 
work on monkeys by the same authors suggested 
that orbital pressure, blood loss and induced 
hypotension were required to reproduce the same 
syndrome as that observed in man. A further case 
of unilateral blindness occurring after the prone 
position was presented at a Neurosurgical 
Anaesthetists’ meeting in 1989 [Cooper and 
Ingham, personal communication]; again the 
horse-shoe headrest was implicated. It would 
appear that there is no justification nowadays to 
use the horse-shoe headrest when surgery is being 
performed in the lumbar or thoracic spinal 
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regions. All that is necessary is a pillow or foam 
rubber support placed so that the weight of the 
head is taken directly by the forehead and there is 
a clear gap beneath the eyes and-the top of the 
nose. The patient’s head should be in the neutral 
position, without rotation of the neck [45]. 

For surgery to be carried out on the neck or 
posterior cranial fossae, the horse-shoe remains an 
option for head support. However, it would be 
wise to ensure as far as possible that the head is 
strapped securely to the support and if minor 
adjustments are required subsequently, both the 
horse-shoe and the head should be moved together. 
The eyes should be covered to protect them from 
drying, abrasion or fluid contamination. Patients 
with intraocular lens implants are at risk of 
haemorrhage or secondary damage to the posterior 
surface of the cornea should external pressure on 
the eyeball cause the lens to become displaced. 

A further problem with the use of the horse-shoe 
headrest is damage to the skin over the malar 
areas. Blistering and even full thickness skin loss 
may result from excessive pressure, abrasive 
forces, or both. Craniotomy involving the use of 
the Gigli saw is a particular risk, as the 
reciprocating movement inevitably rubs the malar 
skin against the headrest. 

Alternatively, the Mayfield neurosurgical skull 
clamp may be used. There do not appear to be any 
reports of untoward effects related to the eyes, but 
there is always the potential for a pin to slip or 
become displaced. 

Finally, it is worth noting that, should blindness 
ensue unexpectedly and for no obvious external 
reason, an embolic episode affecting the retinal 
artery should be considered. Fat, particularly, has 
been implicated and paradoxical air embolism is a 
more rare possibility. 


A new hazard of prone positioning 


Weinlander, Coombs and Plume [51] reported 
a patient who, having previously had coronary 
artery bypass surgery, showed ECG evidence of 
adverse effects on myocardial blood flow when 
anaesthetized and placed in the prone position. 
ECG abnormalities noted during surgery were 
confirmed in the recovery room to represent 
massive anterolateral ischaemia. Emergency cor- 
onary revascularization was proceeded to and at 
operation both saphenous vein bypass grafts were 
found to be patent and pulsatile. A further graft 
was inserted and a good recovery obtained. It 
would appear that the thin-walled veins used as 
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coronary grafts easily became compressed by 
pressure on the anterior chest wall. This mech- 
.anical cause of graft obstruction is reversible. Full 
12-lead intraoperative ECG monitoring is now 
technically possible and should be considered in 
such patients. It would be unwise to allow surgery 
to begin until adverse effects of positioning can be 
confidently excluded. 


CONCLUSIONS 


The quest for the most satisfactory method of 
prone positioning has been influenced by the 
necessity of providing good operating conditions 
with minimal haemorrhage and by the reporting 
of complications and hazards encountered. Some 
very serious complications have been reported 
and they can be classified under three headings. 

First, there are those arising directly as a result 
of the method of prone positioning. The more 
serious of these include crush injuries to limb 
muscle resulting in anuria; excessive extradural 
venous haemorrhage from back pressure in the 
femoral veins or abdomen; pressure necrosis of 
skin, neuropraxia and blindness. 

The second group of complications arise as a 
consequence of the surgery being performed. Damage 
to underlying major vessels or even perforation of 
the bowel are well recorded and represent danger- 
ous risks of intervertebral disc surgery. Extensive 
haemorrhage and spinal cord damage may occur 
with reconstructive spinal surgery. Venous air 
embolism is possible when the operating site is 
above the level of the patient’s right atrium. 

Finally, there are the complications associated 
with anaesthesia in the prone position. The 
technical hazards are probably greater than the 
physiological ones, although in the very obese or 
poor risk patient the latter cannot be dismissed. 
The cornerstone of anaesthetic technique is the 
correct placement and security of a non-kinking 
tracheal tube. Oral secretions gravitating from the 
mouth may loosen the retaining strapping; in- 
advertent endobronchial intubation may be pro- 
duced by the inevitable changes of head position 
associated with the turning procedure. Special 
attention should be taken to avoid hyperextension 
of the patient’s neck. Lee, Barnes and Nagel [24] 
were so concerned with the actual hazards of the 
turning procedure that they devised a method of 
“awake pronation”? under neuroleptanalgesia. 

Whichever method of prone positioning is 
chosen, it is wise always to check the peripheral 
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arterial pulses in the feet before finally draping the 
patient, and the use of external compression 
apparatus to the legs may help to prevent venous 
stasis. The advent of modern monitoring tech- 
niques, particularly Spo, FEco, and reliable non- 
invasive arterial pressure devices certainly help to 
provide early warning of both surgical and 
anaesthetically related problems. If it is necessary 
to use one of the older or less stable methods of 
positioning, any adverse cardiovascular effect 
arising in the course of the operation should alert 
the anaesthetist to checking the patient’s position. © 
Serious and otherwise unexplained hypotension 
should be managed by immediately abandoning 
the operation and returning the patient to the 
supine position. 

The Tarlov seated position with the table 
tipped to 45° and the back horizontal appears to 
be the most satisfactory for all types of lumbar 
disc surgery and for some operations at higher 
levels. It is extremely stable, applicable to a wide 
range of body size and shape, and is the least likely 
to result in venous back pressure at the operating 
site. It appears to have an excellent safety record. 


SUMMARY 


Since the 1940s there has been an increase in the 
number of patients submitted for surgery of the 
spinal axis necessitating use of the prone position. 
Specifically designed operating tables were both 
rare and expensive, and probably only existed ina 
few highly specialized centres. Apparatus which 
could be easily made locally and used in con- 
junction with normal operating tables has been 
invented and generally used to good effect. The 
important historical landmarks in these develop- 
ments are traced and a review of the methods and 
hazards is presented. Similar methods evolved 
almost simultaneously in differing centres. It is 
recommended that the Tarlov “‘seated prone” 
position should be widely used, in view of its 
physiological advantages and lack of adverse 
reports. 


REFERENCES 


1. Albin MS, Newfield P, Paulter S, Tung AL, Maivald P. 
Atrial catheter and lumbar disc surgery. Journal of the 
American Medical Association 1978; 239: 496. 

2. Backofen JE, Schauble JF. Hemodynamic changes with 
prone position during general anesthesia. Anesthesia and 
Analgesia 1985; 64: 194. 

3. Bardeen A. Special pad for patients in the prone position. 
Anesthesiology 1955; 16: 464-466. 


462 


4. 


10. 


11. 


12. 


13. 


14. 


15. 


21. 


23. 


24. 


. Cruveiller. 


. Harbison 


Batson OV. The function of the vertebral veins and their 
role in the spread of metastases. Annals of Surgery 1940; 
112: 139-149. ` 


. Bonica JJ, Lyter CS. Blood loss during surgical opera- 


tions. Anesthesiology 1951; 12: 90-99. 


. Cook AW, Siddiqi TS, Nidzgorski R, Clark HA. Sitting 


prone position for the posterior surgical approach to the 
spine and posterior fossa. Neurosurgery 1982; 10: 232-235. 
Spine venous plexus communications. 
Anatomie Discriptive 1834; 3: 328. i 


. Dinmore P. A new operating position for posterior spinal 


surgery. Anaesthesia 1977; 32: 377-380. 


. Distephano VJ, Klein KS, Nixon JE, Andrews TE. 


Intraoperative analysis of position and body habitus on 
surgery of the low back. Clinical Orthopaedics and Related 
Research 1974; 99: 51-56. 

Ecker A. Kneeling position for operations on the lumbar 
spine. Especially for protruded intervertebral disc. Sur- 
gery 1949; 25: 112. 

Ehni G. Significance of the small lumbar spinal canal. 
Cauda equina compression syndromes due to spondylosis. 
Part 4 Acute compression artificially induced during 
operation. Journal of Neurosurgery 1969; 31: 507-512. 
Falconer MA, McGeorge M, Begg CA. Surgery of lumbar 
intervertebral disc protrusion. British Journal of Surgery 
1948; 139: 225-249. 

Goldberg D. Lumbar disc surgery in the knee-chest 
position: Preanaesthetic atrial catheter unnecessary. 
Questions and Answers. Journal of the American Medical 
Association 1977; 238: 253. 

Goldthwait JE. The lumbo~sacral articulation. An ex- 
planation of many cases of “lumbago”, “sciatica” and 
paraplegia. Boston Medical and Surgical Fournal 1911; 
164: 365-372. 

Gordon BS, Newman W. Lower nephron syndrome 
following prolonged knee-chest position. Journal of Bone 
and Joint Surgery. American Volume 1952; 35A: 764-768. 
SP. Major vascular complications of 
intervertebral disc surgery. Annals of Surgery 1948; 140: 
342-348. 


. Hastings DE. A simple frame for operations on the lumbar 


spine. Canadian Journal of Surgery 1969; 12: 251-253. 


. Hollenhorst RW, Svien HJ, Benoit CF. Unilateral 


blindness occurring during anaesthesia for neurosurgical 
operations. Archives of Ophthalmology 1954; 52: 819-830. 


. Holscher EC. Vascular complications of disc surgery. 


Journal of Bone and Joint Surgery 1948; 30: 968-970. 


. Humphreys RP, Creighton RE, Hendrick EB, Hoffman 


HJ. Advantages of the prone position for neurosurgical 
procedures on the upper cervical spine and posterior 
cranial fossa in children. Childs Brain 1975; 1: 325-336. 
Hunter AR. Anesthesia for operations in the vertebral 
canal. Anesthestology 1950; 12: 367-373. 


. Keim HA, Weinstein JD. Acute renal failure. A com- 


plication of spine fusion in the tuck position. Journal of 
Bone and Joint Surgery. American Volume 1970; 52Aii: 
1248-1250, 

Laurin CA, Mignealt G, Brunet JL, Roy P. Knee-chest 
support for lumbosacral operations. Canadian Journal of 
Surgery 1969; 12: 225-250. 

Lee C, Barnes A, Nagel EL. Neuroleptanalgesia for awake 
pronation of surgical patients. Anesthesia and Analgesia 


- 1977; 56: 276-278. 
25. 


Linton RR, White PD. Arteriovenous fistula between 


29. 


30. 


38. 


BRITISH JOURNAL OF ANAESTHESIA 


the right common iliac artery and the inferior vena cava; 
Report of a case of its occurrence following an operation 
for a ruptured intervertebral disc with cure by operation. 
American Medical Association Archives of Surgery 1945; 
50: 6-13. 


. Lipton S. Anaesthesia in the surgery of retropulsed 


vertebral discs. Anaesthesia 1950; 5: 208-212. 


. Love JE, Camp JD. Root pain resulting from intraspinal 


protusion of intervertebral discs. Diagnosis and treatment. 
Journal of Bone and Joint Surgery 1937; 19: 776-803. 


. MacEwan GD, Bunnell WP, Krishnaswami S. Acute 


neurological complications in the treatment of scoliosis. A 
report of the Scoliosis Research Society. Journal of Bone 
and Joint Surgery. American Volume 1975; 57: 404-408. 
Mackay IM. A new frame for positioning patients for 
surgery of the back. Canadian Anaesthetists Society 
Journal 1956; 3: 279-282. 

McPherson RW, Szymanski J, Rogers MC. 
Somatosensory evoked potential changes in position- 
related brain stem ischemia. Anesthesiology 1984; 61: 
88-90 


. Mixter JM, Barr JS. Rupture of the intervertebral disc 


with involvement of the spinal canal. New England Journal 
of Medicine 1934; 211: 210-214. 


. Moore DC, Edmonds LH. Prone position frame. Surgery 


1950; 27: 276-279. 


. Mouradian WH, Simmons EH. A frame for spinal surgery 


to reduce intra-abdominal pressure while continuous 
traction is applied. Journal of Bone and Joint Surgery 
1977; 59A: 1098-1099, 


. Nitikman G. Spinal anesthesia for operation on the 


vertebral column. Anesthesia and Analgesia 1946; 25: 
52-57. 


. Norgore M. Clinical anatomy of the vertebral veins. 


Surgery 1945; 17: 606-615. 


. Pearce DJ. The role of posture in laminectomy. 


Proceadings of the Royal Society of Medicine 1957; 50: 
109-112. 


. Relton JES, Conn AW. Anaesthesia for the surgical 


correction of scoliosis by the Harrington method in 
children. Canadian Anaesthetists Society Journal 1963; 10: 
603-615. 

Relton JES, Hall JE. An operation frame for spinal fusion. 
A new apparatus designed to reduce haemorrhage during 
operation. Journal of Bone and Joint Surgery 1967; 49B: 
327-332. 


. Seely SF, Hughes CW, Jahnke EJ. Major vessel damage 


in lumbar disc operation. Surgery 1954; 35: 421-429. 


. Shenkin HN, Goldfedder P. Air embolism from exposure 


of posterior cranial fossa in prone position. Journal of the 
American Medical Association 1969; 210: 726. 


. Smith ADeF, Deery EM, Hagman GL. Herniation of the 


nucleus pulposus. A study of one hundred cases treated by 
operation. Journal of Bone and Joint Surgery 1944; 26: 
821-828. 


. Smith RA, Estridge MN. Bowel perforation following 


lumbar disc surgery. Journal of Bone and Joint Surgery 
1964; 46: 826-832. 


. Smith RH. A device for positioning the prone patient. 


Anesthesiology 1964; 25: 87-89, 


. Smith RH. One solution to the problem of the prone 


position for surgical procedures. Anesthesia and Analgesia 
1974; 53: 221-224. 


. Smith RH, Gramling ZW, Volpitto PP. Problems related 


THE PRONE POSITION FOR SURGERY 


to the prone position for surgical operations. 
Anesthesiology 1961; 22: 189-193. 

46. Tarlov IM. The knee-chest position for lower spinal 
operations. Journal of Bone and Joint Surgery 1967; 49A: 
1193-1194. 

47. Tarlov IM. Lumbar disc surgery in knee-chest position. 
Preanaesthetic atrial catheter unnecessary. Questions and 
Answers. Journal of the American Medical Association 
1977; 238: 253. 

48. Taylor AR, Gleadhill CA, Bilsand WL. Posture and 
anaesthesia for spinal operations with special reference to 
intervertebral disc surgery. British Journal of Anaesthesia 
1956; 28: 213-219. 

49. Walkup HE, Murphy JD, Oteen NC. Retinal ischaemia 
with unilateral blindness—complications during pul- 
monary resection in prone position: Two cases. Journal of 
Thoracic Surgery 1952; 23: 174-175. 


51. 


52. 


55. 


463 


. Wayne SJ. A modification of the tuck position for lumbar 


spine surgery. A 15-year follow up study. Clinical 
Orthopaedics 1984; 184: 212-216. 

Weinlander CM, Coombs DW, Plume SK. Myocardial 
ischemia due to obstruction of an aortocoronary bypass 
graft by intraoperative positioning. Anesthesia and An- 
algesia 1985; 64: 933-936. 

Wiberg G. Anaesthesia in operation for prolapse of an 
intervertebral disc. Acta Chirugica Scandinavica 1942; 
87: 380-384. 


. Wilkes LL. Paraplegia from operating position and spinal 


stenosis in non-spinal surgery. Clinical Orthopaedics 1980; 
146: 148-149. 


. Wilkins RH. Neurosurgical Classics. New York and 


London: Johnson Reprint Corporation, 1965. 
Young JVI, Anderton JM, Keen RI, Neave R. Positioning 
the Surgical Patient. London: Butterworths, 1988; 90. 


British Journal of Anaesthesia 1991; 67: 464-466 


EFFECTIVENESS OF PREOXYGENATION IN MORBIDLY 


OBESE PATIENTS 


M. C. BERTHOUD, J. E. PEACOCK AND C. S. REILLY 


SUMMARY 


The time taken for the oxygen saturation (Spo,) to 
decrease to 90% after preoxygenation was 
studied in six morbidly obese patients and six 
matched controls of normal weight. During 
apnoea the obese patients maintained Spo, 
> 90% for 196 (SD 80) s (range 55-208 s), com- 
pared with 595 (sp 142)s (range 430-825 s) in 
the control group (P < 0.007). One patient in 
the obese group had desaturation before the 
onset of complete relaxation and tracheal in- 
tubation, without complications. Bedside lung 
function tests were not significantly different 
between groups and cannot be used as a 
predictor of the effectiveness of preoxygenation. 


KEY WORDS 
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Preoxygenation decreases the risk of hypoxia 
associated with induction of anaesthesia and 
intubation of the trachea. It is valuable also in 
patients whose respiratory or cardiac reserve is 
reduced, and when a delay in establishing a clear 
airway may be anticipated. 

Patients with morbid obesity—that is, a body 
mass index (BMI) > 35 kg m-*—have a greater 
risk of acid regurgitation and aspiration, a reduced 
respiratory and cardiac reserve and are associated 
with increased difficulty at tracheal intubation. It 
has been recommended that a rapid sequence 
induction of anaesthesia should be used for these 
patients [1]. We have examined the effectiveness 
of preoxygenation in morbidly obese patients. 


METHODS AND RESULTS 


After local Ethics Committee approval and writ- 
ten informed consent by the patients, we studied 
12 patients undergoing elective abdominal sur- 


gery. Six morbidly obese patients (group 1) (mean 
weight 123.5 (sp 23.2) kg (range 104-153 kg) and 
BMI 49 (7.3)kgm™* (range 42-58.4 kg m™*)), 
were matched for sex, age and height with six 
control subjects (group 2) (weight 63 (8.3) kg 
(range 52-76 kg) and BMI 23.1 (3.0) kg m` 
(range 18~26.3kg)). BMI and weight were 
significantly greater in the obese group (Student’s 
t test, P < 0.001), Full preoperative assessment 
was performed on the ward on the day before 
surgery. One patient in each group was a smoker. 
All patients were assessed for difficulty in tracheal 
intubation using established scoring systems [2, 
3]. No patient was excluded from the study 
because of anticipated difficulty. Forced vital 
capacity (FVC), forced expiratory volume in 
l min (FEV,) and peak expiratory flow rate 
(PEFR), were performed before operation with 
the patient in the sitting and in the supine 
position. 

Results are presented as percentage of predicted 
for height and age. FVC in group | was 85.0 
(20.4) % (range 54-115 %) in the sitting position 
and 85.3 (14.3)% (range 68-110%) supine; in 
group 2 it was 97.3 (8.9)% (range 87—110 %) 
sitting and 96.0 (10.0) % (range 85-108 %) supine. 
FVC, in group 1 was 97.5 (20.6)% (range 
60-122%) sitting and 92.7 (17.1)% (range 
63-116%) supine; in group 2 it was 103.0 
(14.5)% (range 87-118%) sitting and 96.0 
(10.0) % (range 84-109 %) supine. PEFR in group 
1 was 84.2 (16.4) % (range 59-104 %) sitting and 
78.8 (17.7) % (range 52-95 %) supine; in group 2 
it was 89.5 (16.5) % (range 65-105 %) sitting and 
89.8 (17.4)% (range 63-110%) supine. No stat- 
istical difference was found either between groups 
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(Student’s t test) or within groups between 
positions (paired t test). 

Oral premedication consisted of ranitidine 
150 mg the night before surgery and temazepam 
20 mg with ranitidine 150 mg 1 h before induction 
of anaesthesia. 

In the anaesthetic room, venous cannulation 
and, in the obese patients, left radial artery 
cannulation were performed under local anaes- 
thesia. Monitoring consisted of arterial pressure 
measurement every 1 min throughout the period 
of study using a Dinamap or via the arterial 
cannula, continuous ECG, oxygen saturation 
(Spo,) using the finger probe of a pulse oximeter 
(Kontron Instruments), and end-tidal carbon 
dioxide (E'co,) (Kontron Capnograph). 

Preoxygenation was performed using a fresh 
gas flow of 100% oxygen at 8 litre min“, from a 
flushed Mapleson A circuit, with an air-tight seal 
on the face mask. After 3 min of preoxygenation, 
anaesthesia was induced with propofol 10 mg ml"? 
at a rate of 1200 ml h`, with cricoid pressure to 
minimize the risk of aspiration. On loss of verbal 
contact with the patient, alfentanil 0.01 mg kg 
and suxamethonium 1 mg kg™ (to a maximum of 
100 mg) were given i.v. The patient’s trachea was 
intubated and the tracheal cuff immediately 
inflated. The position of the tracheal tube was 
confirmed by seeing it pass between the cords, 
and by giving the patient a single breath of 
oxygen, in order to establish the presence of 
carbon dioxide in the expired gas. When the 
airway was secured, vecuronium 0.1 mg kg? 
(maximum 10mg) was given to ensure apnoea. 
Anaesthesia was maintained by an infusion of 
propofol at 6 mg kg“! h~t. The tracheal tube was 
disconnected from the gas supply, and the patient 
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remained apnoeic until Spo, decreased to 90%. 
The time from the injection of the suxa- 
methonium, to this point was noted. The lungs 
were then ventilated with 100% oxygen. B’co, at 
this point, and the time to recover to Spo, 96% 
were noted. In the obese patients, arterial blood- 
gas tensions were measured before the onset of 
preoxygenation (Pao, 11(1.9) kPa (range 8.6-13.4 
kPa); Paco, 5 (0.6) KPa (range 4.1-5.6 kPa)), at 
tracheal intubation (Pao, 42.9 (20.1) kPa (range 
7.3—60.4 KPa); Paco, 5.8 (1.0) kPa (range 4.3-7.3 
kPa)), and at Spo, = 90% (Pao, 7.9 (0.9) kPa 
(range 6.9-9.0 kPa); Paco, 6.2 (1.1) kPa (range 
4.6-7.3 kPa)). The patient then proceeded to 
surgery. 

Results for the time taken to desaturate to 90% 
and to resaturate to 96% after the start of IPPV 
were analysed using Student’s ż test. The mean 
time to 90% saturation was 196 (80)s (range 
55-208 s) in the obese group and 595 (142)s 
(range 430-825 s) in the control group (P< 
0.001) (fig. 1). The time to reach a saturation of 
96% after the start of IPPV was 36.7 (13.3)8 
(range 25—45 s) in the obese group, and 22.5 (9.3) s 
(range 10-35 s) in the controls (P = 0.062). In 
one patient, Spo, decreased to 82%, but in no 
other was it less than 87 %. In no patient was E’co, 
>7.3%, and there were no arrhythmias or 
hypertension. 


COMMENT 


This study demonstrates that preoxygenation for 
3 min in morbidly obese patients provided a 
significantly shorter period of adequate oxygen- 
ation than in patients of normal weight. This is in 
agreement with the findings of Jense and colleagues 
[4]. One of our patients (BMI 58.4 kg m~’) clearly 
demonstrated the increased risk associated with 
induction and tracheal intubation in this group, 
desaturating to 90 % only 55 s after administration 
of suxamethonium, and before complete onset of 
relaxation. This patient’s trachea was intubated, 
at first attempt, 65s after the injection of 
suxamethonium, by which time Spo, was 82%. 
Bedside lung function tests with the patient in 
either the sitting or the supine position were not 
significantly different between groups. Pre- 
oxygenation is designed to replace the FRC 
nitrogen with oxygen, and can normally be 
achieved to an end-tidal nitrogen concentration of 
4% in 3 min in volunteers [5]. This increases the 
stores of oxygen within the body by the volume of 
the FRC. Obesity is associated with a decreased 
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FRC, which is reduced further by placing the 
patient in the supine position [6], allowing the 
tidal volume to approach and even fall within the 
closing capacity. Ideally, measurements of FRC, 
together with closing capacity, may produce better 
prediction of the effectiveness of preoxygenation 
in obese patients; however, these volumes are 
difficult to measure and are unlikely to be available 
routinely. All our patients achieved an Spo, of 
100% within 30 s of the start of preoxygenation, 
indicating that the likely limitation is one of size of 
stored volume of oxygen in the body, rather than 
ability to reach that store, or to saturate the blood. 
This is supported by the blood-gas results. 

This study illustrates further that awake tra- 
cheal intubation should be considered in any 
morbidly obese patient presenting for emergency 
surgery, especially those with expected difficulty 
in tracheal intubation, and preoperative bedside 
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lung function tests cannot be used to predict the 
effectiveness of preoxygenation. 
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METABOLIC RESPONSE TO COLONIC SURGERY: 
EXTRADURAL VS CONTINUOUS SPINAL 


J. WEBSTER, M. BARNARD AND F. CARLI 


SUMMARY 


We have examined the effect of intraoperative 
and postoperative (4h) continuous spinal an- 
aesthesia for colonic surgery on the post- 
operative glucose, lactate and cortisol responses. 
Twenty-one patients were studied; the first 
group (control) received general anaesthesia, 
the second group (extradural) an extradural 
block (T4-S5) and the third group (spinal) a 
continuous spinal block (T4-S5). Plasma con- 
centration of glucose increased significantly in 
the control and extradural groups (P < 0.05) 
after surgery, with a small change in the spinal 
group. Plasma concentration of lactate increased 
significantly (P < 0.05) in the contro! group 
only. The postoperative increase in plasma con- 
centration of cortisol was similar in both control 
and extradural groups, and significantly greater 
than that of the spinal group (P < 0.05). Thus 
continuous spinal analgesia attenuated, but did 
not abolish, the increase in plasma concentration 
of cortisol associated with colonic surgery. 


KEY WORDS 
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It has been well documented that extradural 
analgesia (T4-S5) for lower abdominal surgery 
inhibits glucose and cortisol responses [1]. How- 
ever, results vary in studies of the effectiveness of 
extradural anaesthesia for colonic surgery in 
modulating the variables considered to be part of 
the stress response [2]. This might be caused by a 
partially effective neural afferent block. 

The recent introduction of small-size spinal 
catheters has made possible the administration of 
low doses of local anaesthetics to establish a 
profound motor and sensory block during surgery 
with low risk of systemic toxicity caused by local 


anaesthetics. The present study was designed to 
evaluate the effect of intraoperative afferent neural 
block, achieved with spinal local anaesthetics in 
patients undergoing colonic resection, on post- 
operative glucose and cortisol responses. 


METHODS AND RESULTS 


Twenty-one patients undergoing sigmoid 
colectomy for adenocarcinoma were allocated 
randomly to three groups of seven patients: 
control, extradural and spinal (mean ages 67 yr 
(range 57-73 yr), 7lyr (58-78 yr) and 69 yr 
(64-78 yr), respectively). Body mass index was 
comparable in the three groups. The study re- 
ceived Ethics Committee approval. 
Premedication comprised papaveretum and 
hyoscine administered i.m. 60 min before surgery. 
All patients received general anaesthesia which 
consisted of thiopentone, pancuronium, en- 
flurane, nitrous oxide and oxygen. In the extra- 
dural group patients, a catheter was inserted in 
the extradural space at T9-11 and segmental 
block (T4—S5) was established with 0.75 % bupiv- 
acaine 15 ml before induction of general an- 
aesthesia. Additional 0.75% bupivacaine 5-7 ml 
was administered every 45 min. At the end of 
surgery, the same extent of segmental analgesia 
was maintained with a continuous infusion of 
0.25 % bupivacaine 10-15 ml h7!. Patients in the 
spinal group received a continuous subarachnoid 
block via a spinal catheter (Kendall 28-gauge) at 
L2-3. After aspiration of CSF to confirm the 
position of the catheter, hyperbaric 0.5% bupiv- 
acaine 2-3 ml was administered and segmental 
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TABLE I. Mean (sD) plasma concentrations of glucose, lactate and cortisol in the three groups studied before and after surgery. 
Significant differences : *P < 0.05, ** P < 0.01 vs before surgery values; t P <0.05, $+ P < 0.01 vs control group 








After surgery (h) 
Before End of 
surgery surgery 1 2 3 4 
Glucose (mmol litre!) 
Control (n = 7) 5.5 (0.5) 9.5 (1.9)** 11.1 (3.4)** 11.0 (3.5)** 10.5 (3.1)** 9.9 (3.1)* 
Extradural (n = 7) 5,4 (0.3) 6.6 (1.0) 7.1(1.3)F 6.0 (1.3)*¢ 7.1 (1.1)*+ 7.1 (1.D*t 
Spinal (n = 7) 5.6 (1.1) 6.7 (LDF 7.3 (1.2)t 7.6 (1.5)t 7.2 (1.4)t 7.3 (1.6) 
Lactate (mmol litre?) 
Control (n = 7) 0.9 (0.3) 1.9 (0.9)* 2.0 (1.1)* 1.8 (1.0)* 1.9 (1.3)* 2.3 (1.7)* 
Extradural (n = 7) 1.1 (0.2) 1.5 (0.8) 1.5 (0.9) 1.4 (0.8) 1.1 (0.6) 1.2 (0.5) 
Spinal (n = 7) 1.2 (0.2) 1.1 (0.3)t 1.2 (0.5) 1.1 (0.3) 1.1 (0.2) 1.0 (0.2) 
Cortisol (mmol litre7) 
Control (n = 7) 297 (83) 1025 (104)** 1194 (88)** 1271 (154)** 1257 (239)** 1379 (196)** 
Extradural (n = 7) 330 (81) 903 (244)** 1083 (420)** 1207 (349)** 1438 (382)** 1495 (382)** 
Spinal (n = 7) 393 (174) 602 (206)* tt 613 (208)*t+ 786 (217)**}¢+ 845 (237)**++ 840 (256)** ++ 


block (T4~S5) established before induction of 
anaesthesia. Additional hyperbaric 0.5% bupiv- 
acaine 0.5-1 ml was administered every 45-min. 
At the end of surgery, a continuous subarachnoid 
infusion of 0.25% bupivacaine 2-4 mlh was 
started and the same extent of analgesia main- 
tained for 4h. At the end of surgery the control 
group received a continuous s.c. infusion of 
papaveretum 2-5 mg h™!. All patients received an 
i.v. infusion of 0.9% normal saline 6-8 ml kg™ 
h7. No blood products were used during the 
period of the study. Dextran 70 in 0.9% sodium 
chloride was administered when the blood loss 
exceeded 10% of the circulating volume. 

On arrival of the patient in the anaesthetic 
room, a 16-gauge cannula was inserted under 
local anaesthesia in the right internal jugular vein 
and 20-ml samples of blood were taken before 
anaesthesia, at the end of surgery and 1, 2, 3 and 
4h after operation for measurement of plasma 
concentrations of glucose (hexokinase method), 
lactate (enzymatic assay, lactate dehydrogenase) 
and cortisol (radioimmunoassay). Power calcula- 
tions were performed to determine the smallest 
difference between the spinal and the control 
groups that could be detected as significant at 5% 
level, with a between patient sp of any change as 
10%. If seven patients were allocated to each 
group, a difference of approximately 15% be- 
tween the groups could be detected. Analysis of 
variance was applied and comparisons were made 
within groups and between groups using 
Student’s ¢ test. 

Mean duration of surgery was 175 min (range 
125-240 min) and fluids administered amounted 


to 2700 ml (range 1800-3850 ml). Ephedrine was 
required in only three patients (two in the spinal 
group and one in the extradural group); the 
maximum dose administered was 9 mg. The PCV 
decreased with surgery in all three groups (mean 
16%, range 13~18%). 

Plasma concentration of glucose increased in all 
groups after surgery ; in the control and extradural 
groups the increase was significant at all times (P 
< 0.05), while in the spinal group it was just 
significant 2h after surgery (P = 0.05) (table I). 
The control group had significantly greater 
plasma concentrations of glucose at each time 
than either the extradural or spinal groups. Plasma 
concentration of lactate in the control group 
increased significantly at all times after surgery. 
In contrast, no significant change was observed in 
the other groups. Plasma concentration of lactate 
in the control group was significantly greater (P < 
0.05) than that in the spinal group at the end and 
4 h after surgery. Plasma concentration of cortisol 
increased significantly (P < 0.05) after surgery in 
all three groups. The increase in the spinal group 
was significantly less than that in both extradural 
(P = 0.02) and control groups (P = 0.007). No 
significant difference was observed at any time 
between control and extradural groups. 


COMMENT 


This study has shown that the increase in plasma 
concentration of cortisol associated with colonic 
surgery may be attenuated, but not abolished, 
with spinal anaesthesia. The postoperative in- 
crease in plasma concentrations of glucose and 


METABOLIC RESPONSE TO COLONIC SURGERY 


lactate with either spinal or extradural anaesthesia 
was less than that observed with the control 
group. 

Spinal or extradural administration of local 
anaesthetics has been shown to prevent a major 
part of the classical endocrine—-metabolic response 
to surgical procedures such as lower abdominal 
(for example gynaecological) surgery and opera- 
tions on the lower extremities, but these tech- 
niques have been less effective for colonic surgery 
[2]. This is probably a result of differences in 
extradural or spinal analgesic techniques and 
dosage of local anaesthetic. However, it appears 
that by using large doses of local anaesthetics 
with sufficient sensory analgesia extending beyond 
the dermatomes of surgical procedure, there 
might be a pronounced inhibition of the stress 
response [3]. 

In this context, the attenuated increase in 
plasma concentration of cortisol observed at the 
end of surgery with spinal block, compared with 
extradural, could be explained by an effective, but 
not definite, preoperative neural block. More 
recently, the combined use of subarachnoid and 
extradural local anaesthetics have been reported 
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to inhibit the postinjury hypersensitivity to pain 
and abolish the increase in plasma concentrations 
of cortisol [4]. 

It remains to be seen if continuous spinal 
anaesthesia alone or in combination with other 
pain relief techniques leads to a significant effect 
on the stress response over a longer period of 
time. 
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RAPID INHALATION INDUCTION WITH ISOFLURANE IN 


HUMIDIFIED CARRIER GAS 


P. V. VAN HEERDEN, D. F. MORRELL AND P. BECKER 


SUMMARY 


This study was designed to determine if rapid 
inhalation induction of anaesthesia (RII) with 
5% isoflurane (4.5 MAC equivalent) in oxygen 
offers any advantage in terms of complication 
rate, speed of induction and patient acceptance 
in comparison with a previously described tech- 
nique of RII using 2% isoflurane in nitrous oxide 
and oxygen. Forty ASA | and II unpremedicated 
patients were allocated randomly to receive RII 
with either 5% isoflurane in oxygen or 2% 
isoflurane and nitrous oxide in oxygen. The 
carrier gas was humidified in order to limit airway 
irritation associated with the use of isoflurane for 
inhalation induction. In this study the observed 
difference in mean induction time (7 s) between 
the two groups was neither clinically nor stat- 
istically significant. The groups were similar also 
with regard to complication rate and patient 
acceptance. 


KEY WORDS 


Induction: anaesthesia. Anaesthetics, volatile: isoflurane. 
Anaesthetics, gases: nitrous oxide. 


Rapid inhalation induction of anaesthesia (RII) 
using isoflurane has been described previously [1, 
2]. Because of the pungency of this agent, RII was 
performed in heavily premedicated patients [1] or 
else the inspired concentration of the agent was 
limited [2]. We have examined if 5% isoflurane 
(4.5 MAC) in oxygen offered any advantage in 
comparison with the technique described by 
Lamberty and Wilson [2], using 2% isoflurane 
and nitrous oxide in oxygen. This study was 
designed to compare the two techniques with 
regard to speed of induction, complication rate 
and patient acceptance in unpremedicated patients. 


The carrier gas was humidified in order to limit 
airway irritation associated with inhalation in- 
duction with isoflurane [3]. 


METHOD AND RESULTS 


After obtaining Ethics Committee approval and 
informed patient consent, we studied 40 ASA I 
and II unpremedicated patients presenting for 
day-case extraction of wisdom teeth by the same 
dental surgeon. The patients were allocated 
randomly to receive RII with 5% isoflurane in 
oxygen (group A) or 2% isoflurane in nitrous 
oxide and oxygen (group B). 

All the inductions were carried out with an i.v. 
cannula in situ and monitoring comprising ECG, 
pulse oximetry (Ohmeda 4700 Oxicap, BOC 
Health Care, U.S.A.) and continuous non-in- 
vasive arterial pressure (AP) (Finapress, Ohmeda, 
BOC Health Care, U.S.A.). A newly-calibrated 
isoflurane vaporizer was adjusted by an assistant 
to deliver either 5% isoflurane in oxygen 6 litre 
min™ or 2% isoflurane in oxygen 2 litre min™ 
and nitrous oxide 4 litre min. The Rotameters 
and backbar of the anaesthetic machine were 
covered by a green towel. All inductions were 
then carried out by one of the authors (P. van 
H.) who was unaware of the vaporizer and 
Rotameter settings. 

Baseline measurements of heart rate CHR), AP 
and arterial oxygen saturation (Spo,) were ob- 
tained before induction of anaesthesia. Patients 
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TABLE I. Patient characteristics, details of inductions and cardiovascular variables (number, or mean 


(range or SD)) 
Group A Group B 
(n = 20) (n = 20) 

Age (yr) 26 (17-55) 24 (14-38) 
Sex (M/F) 12/8 14/6 
Weight (kg) 63 (9) 62 (9) 
ASA grade (no.) 

I 20 18 

Il 0 2 
Smokers (no.) 7 8 
Induction time (s) 121 (50) 134 (41) 
No. of breaths to 18 (12) 23 (8) 

surgical anaesthesia 
Complicated inductions (no.) 9 4 

Coughing 3 0 

Secretions 1 0 

Excessive movement 6 4 

Abandoned inductions 2 4 
Mean arterial pressure (mm Hg) 

Before induction 94 (12) 97 (13) 

At surgical anaesthesia 89 (14) 85 (10) 
Heart rate (beat min`?!) 

Before induction 76 (19) 80 (22) 

At surgical anaesthesia 83 (18) 74 (18) 
Postoperative interview (no.) 

Amnesia after VCB 16 14 

Would repeat experience 17 17 

Headache 1 1 

Nausea and vomiting 0 0 


were coached in the technique of taking a vital 
capacity breath (VCB) and then holding the 
breath for as long as comfortable before resuming 
spontaneous ventilation. The induction sequence 
commenced after the patient had understood the 
procedure. 

Gas leaving the common gas outlet of the 
anaesthetic machine (temperature 20°C, 15% 
relative humidity) passed through a water bath 
humidifier heated to 60°C before entering the 
patient breathing system. Gas leaving the modi- 
fied Mapleson A breathing system (as described 
by Lamberty and Wilson [2]) was at a temperature 
of 27 °C and a relative humidity of 98%. 

The breathing system was primed by allowing 
the pre-set anaesthetic mixture to flow for 5 min 
before occluding the outlet of the system to allow 
both reservoir bags to fill, but not to become 
distended. The patient then took a VCB from the 
primed system and held the breath for as long as 
comfortable, before resuming spontaneous ven- 
tilation. The induction sequence studied included 
the time from the onset of VCB until stage 3, 
plane 1 of surgical anaesthesia was reached (no 


response to verbal command, regular ventilation 
and central pupils). During the induction se- 
quence, an assistant recorded mean arterial press- 
ure (MAP), HR and Spo, before the onset of the 
VCB and at the onset of surgical anaesthesia. He 
also recorded induction time (onset of VCB to 
onset of surgical anaesthesia), number of breaths 
taken before the onset of surgical anaesthesia and 
any of the following complications: coughing 
(presence of a single cough); excessive secretions 
(secretions audible in the airway); laryngospasm; 
excessive movement (requiring restraint of the 
patient). All the time measurements were made 
by means of a stopwatch. Inhalation induction 
was abandoned if any of these complications 
threatened the safety of the patient—for example 
if the patient had repeated spasms of coughing. 

After surgical anaesthesia had been achieved, 
suxamethonium was administered and tracheal 
intubation performed. Anaesthesia was main- 
tained in all patients with 2% halothane and 
nitrous oxide in oxygen. 

All the patients were visited 2 h after operation 
and asked about last conscious recall in the 
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induction sequence, if they would choose RII for 
any subsequent anaesthetics they may require, 
and if they had experienced any nausea, vomiting 
or headache. 

The two groups were similar in characteristics 
(table I). The mean speed of induction between 
the two groups was not significantly different (P 
= 0.443). A point estimate of the ratio of the 
means (mean of speed of induction in group A vs 
mean speed of induction of the established 
technique, group B) was 94.8%, a reduction of 
only 5.2%. An interval estimate for this ratio is 
72-117 %. 

There were more “complicated” inductions in 
group A (nine) than group B (four) (table I) 
(Fisher’s exact test, P > 0.05). However, all the 
complicated inductions in group B had to be 
abandoned (all because of excessive movement), 
while only two of the nine complicated inductions 
in group A had to be abandoned (both because of 
uncontrolled coughing). In the inductions aban- 
doned in both groups, all the patients smoked 
more than 20 cigarettes per day. There were no 
episodes of laryngospasm or desaturation in the 
groups (table I). There was a similar incidence of 
coughing, excessive movements and secretions in 
the two groups (table I). MAP and HR before 
induction and at the onset of surgical anaesthesia 
were not significantly different (paired and un- 
paired ¢ test) within groups and between groups 
(table I). 

The postoperative interview (table I) yielded 
similar responses from the two groups. Seventeen 
of the 20 patients in each group expressed the 
view that they would choose RII for a subsequent 
anaesthetic. Sixteen of the 20 patients in group A 
and 14 of the 20 patients in group B (Fisher’s 
exact test, P > 0.05) had no recall of events after 
taking the VCB containing anaesthetic agent. 
There was a small incidence of headache and no 
nausea or vomiting. It should be noted that the 
responses of all the patients, including those in 
whom the induction had to be abandoned, are 
included in the results of the postoperative survey. 


COMMENT 


Theoretically, RII with isoflurane is an attractive 
technique for day-case anaesthesia because of the 
low blood-gas solubility coefficient of isoflurane 
[4]. This study has not shown any advantage of 
using 5% isoflurane in oxygen for RII in 
comparison with 2% isoflurane in nitrous oxide 
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and oxygen. In the case of an increase in speed of 
induction using 5% isoflurane, rather than 2% 
isoflurane and nitrous oxide in oxygen, only a 
30-50% improvement would be clinically 
Significant. If a 40% increase in speed of 
induction is taken to be clinically significant, for 
the present sample size the power of the ¢ test is in 
excess of 90%. Therefore we conclude that there 
was no clinical difference in the mean speed of 
induction between the two groups. 

The end-point of the induction sequence in this 
study was the onset of surgical anaesthesia. In our 
opinion, this is a more practical end-point than 
that used in other studies of RII, as this is the 
point at which body surface surgery may com- 
mence, or at which the patient may be paralysed 
and the trachea intubated. 

The majority of patients had no recall of events 
after the VCB containing the anaesthetic agent. 
As far as most patients are concerned, this was 
truly a “single breath technique”. Both tech- 
niques of RII were associated with a low incidence 
of reported adverse effects. 

The severe coughing in the two patients in 
whom induction was abandoned in group A was 
in keeping with the experience of other authors 
using isoflurane for inhalation induction [5]. The 
greater incidence of excessive movement resulting 
in abandoned inductions in group B probably 
resulted from inclusion of nitrous oxide in the 
carrier gas. Because of its lower blood-gas solu- 
bility, nitrous oxide rapidly induces stage 2 of 
anaesthesia before isoflurane is able to induce 
stage 3 of anaesthesia. 
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UNSUSPECTED EXTRADURAL CATHETERIZATION IN AN 


INTERSCALENE BLOCK 


L. B. COOK 


SUMMARY 


A case report is described of a patient in whom a 
catheter was inserted inadvertently into the 
cervical extradural space in performing an 
interscalene brachial plexus block. 


KEY WORDS 


Anaesthetic techniques, regional: interscalene brachial 
plexus block. Complications: extradural catheterization 


CASE REPORT 


A 58-yr-old woman had a displaced fracture of 
her left radius. She developed a sympathetic 
dystrophy of the hand, with swollen, red tender 
fingers and secondary wasting of the forearm and 
hand muscles. She was admitted for intensive 
physiotherapy in an attempt to restore movement 
to her wrist and hand. However, this was difficult 
because of the intense pain when her hand was 
touched. 

Several methods were attempted to provide 
analgesia for physiotherapy. Stellate ganglion 
blocks were not tolerated, as the patient found 
them to cause “excruciating” pain. A catheter 
inserted into the brachial plexus by the axillary 
route became dislodged. Daily “single shot” 
axillary blocks were successful, but the axilla 
became bruised and tender. A single shot inter- 
scalene block resulted in the ulnar distribution 
remaining unblocked, although the patient toler- 
ated physiotherapy well. It was decided to 
insert a tunnelled interscalene catheter for a 
further 1 week of physiotherapy. 

A 17-gauge over-the-needle cannula was used, 
as this was the smallest through which the 18- 
gauge catheter would pass. The interscalene space 
was entered perpendicularly at the level of the 
sixth cervical vertebra, as described by Winnie 
[1]. Paraesthesiae were elicited easily at a depth of 


2cm. The needle was withdrawn and the 18- 
gauge catheter inserted easily. In an attempt to 
position the tip in the lower part of the plexus, 
12cm was inserted. The proximal end was 
tunnelled subcutaneously to the anterior chest. 

A plain x-ray of the neck did not reveal the 
catheter, as it was not radio-opaque. 

Ten millilitre of 0.25% bupivacaine was 
injected. Within 5 min, the patient was pain free. 
Only the left hand and forearm were blocked. Six 
hours later the block was wearing off, and a 
further 0.25% bupivacaine 10 ml produced the 
same effect, with some spread to the left upper 
arm. Passive physiotherapy was performed easily 
and the patient was mobile and participated in 
ward activities. 

The patient and physiotherapist commented on 
the excellent analgesia obtained. 

After another top-up dose (10 ml), the patient 
experienced transient warmth in her right 
shoulder and numbness of her left arm. The 
catheter was withdrawn 3 cm. The following day, 
another top-up (0.25% bupivacaine 10 ml) re- 
sulted in postural hypotension (arterial pressure 
115/70 mmHg with the patient lying, 80/? 
standing) and numbness spreading from the left 
hand to the neck and right shoulder. ; 

As this seemed likely to have been caused by 
extradural spread, radiographic examination was 
undertaken. 


Radiography 

In the x-ray department, 2 ml of the water 
soluble, non-ionic contrast medium iopamidol 
(Niopam 200, Merck) was injected through the 
catheter (fig. 1). The patient was placed supine, 
with one pillow. The contrast may be seen 
outlining the intervertebral foramen at the level of 
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T1 and the lower part of the plexus sheath, and 
the catheter may be seen entering the extradural 
space at the level of C6-7. The contrast was seen 
to move rapidly cephalad, outlining the whole 
cervical extradural space. 

In a film taken 2 min later (fig. 2), the contrast 
may be seen mainly at the C2 level. 

The catheter was withdrawn 6cm. A repeat 
film, taken the following day (fig. 3) with 3 ml of 
contrast, shows the sheath filling. There was no 
leakage into the extradural space. 

Subsequently 0.25% bupivacaine 10 ml 
produced a good block of the shoulder and arm 
except the ulnar distribution. 

The catheter was left in situ for a further 5 days, 
and produced good analgesia, with no more 
problems. It was removed intact, and the patient 
has had no sequelae, although 4 months later her 
sympathetic dystrophy was still troublesome. 


DISCUSSION 


Extradural block following interscalene block is 
well described [2-5]. Common to these reports is 
rapid spread of the block to the contralateral side, 
within 10-20 min. Most reports have described 
the use of large volumes (30-40 ml) of local 
anaesthetic, usually lignocaine. 

In this case, the initial block was satisfactory 
and unilateral, but withdrawing the catheter 
produced a bilateral block. It seems likely that, 





Fic. 1. intervertebral foramen (F). The 
can be seen entering the extradural space one 


interspace higher 


Contrast in the 
catheter (C) 





FIG. 2 


medium was used. Contrast has spread to the C2 level (A), 


Film taken 2 min after figure 1, 2ml of contrast 


outlining the cervical extradural space (E 
catheter (C 


The position of the 


and the intervertebral foramen (F) are marked. 


during insertion, the catheter entered the 
extradural space at C6-7, and exited at C7-T1, re- 
entering the plexus sheath. This would explain 
the initial unilateral blocks. Withdrawal by 3 cm 
left the catheter tip in the intervertebral foramen 
(fig. 1), so local anaesthetic injected produced 
both a good block of the left arm, and a cervical 
extradural block. 

Respiratory distress might be expected from a 
bilateral block including the roots of the phrenic 
nerve. In reports of bilateral block, this com- 
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Fic. 3. Catheter withdrawn to correct position. The brachial sheath (S) is seen to fill, after injection of 


3 ml of contrast medium. The catheter (C 


plication has been absent [2, 3], treated with 
oxygen [5], or required IPPV [4, 5]. Lombard [2] 
cited the absence of respiratory or cardiovascular 
depression as evidence that his patient’s bilateral 
block was not caused by extradural spread. 

There was no respiratory distress at any point 
in the present case, perhaps because of the small 
volume (10 ml) injected, and possibly the greater 
motor-sparing quality of bupivacaine. Hypoten- 
sion occurred only when the patient stood, and 
therefore was detected only because she was 
ambulant. 


In summary, this is a case where, despite 
extradural insertion of the catheter, a unilateral 
block was produced with no respiratory or 
cardiovascular signs of misplacement (until the 
patient stood erect). 

In cannulation of the brachial plexus at this 
level, the direction of insertion of the catheter and 
the continuity with the cervical extradural space 
combine to make extradural insertion possible. 


is shown. 


Either a radio-opaque catheter or fluoroscopy 
using a small volume of contrast medium may 
show correct (fig. 3) or ectopic (fig. 1) placement. 
Clinical results of injection of small volumes of 
local anaesthetic are an unreliable guide to correct 
placement, although the use of small doses should 
limit any effects. 
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SUPERIOR SAGITTAL SINUS THROMBOSIS AFTER 
INTERNAL JUGULAR VEIN CANNULATION 


P. H. STEPHENS, G. LENNOX, N. HIRSCH AND D. MILLER 


SUMMARY — 


A case of cerebral venous sinus thrombosis after 
central venous cannulation is presented. This 
occurred after a catheter had been in place for 
5 days. The patient presented with thrombosis of 
the left internal jugular vein 4 days after removal 
of the catheter. Despite anticoagulation, the 
patient developed symptoms of increased in- 
tracranial pressure. Subsequently, a diagnosis of 
superior sagittal sinus thrombosis was made. The 
aetiology, diagnosis and management of this 
uncommon complication of central venous 
cannulation are discussed. 


KEY WORDS 


Complications: cerebral venous thrombosis. Veins: jugular 
cannulation 


CASE REPORT 


A 48-year-old woman with a benign oesophageal 
stricture presented for elective resection and 
colonic interposition. Her past medical history 
included epilepsy, diagnosed 10 yr previously, 
which was well controlled with phenytoin 100 mg 
three times daily. Initial blood results showed 
haemoglobin 128 g litre, platelets 230 x 10° litre? 
and normal coagulation studies. After induction 
of anaesthesia, two 14-gauge, 125-mm i.v. can- 
nulae (Angiocath) were inserted via the “low” 
approach into the left internal jugular vein. The 
operation proceeded uneventfully via a left-sided 
thoracotomy. During surgery, prophylactic anti- 
biotics (gentamicin, flucloxacillin and metron- 
idazole) were given and the patient received a 
transfusion of blood 2 u via a peripherally sited 
cannula. The postoperative haemoglobin was 
110 g litre“? and the platelet count was 
180 x 10° litre?. After operation, one internal 
jugular venous catheter was left im situ for 
administration of total parenteral nutrition. This 


was continued for 5 days, after which the internal 
jugular catheter was removed. Two days later, the 
patient was discharged home having made a good 
recovery. 

Two days later the patient presented com- 
plaining of a tender, inflamed swelling with 
induration extending from the skin entry point of 
the catheter to the mastoid process. A clinical 
diagnosis of left internal jugular vein thrombosis 
was made and was confirmed after ultrasound 
examination. She was anticoagulated with heparin 
1000 u h™ and warfarin therapy was commenced. 
However, over the course of the next 2 days she 
complained of frontal headaches, nausea and 
vomiting and became increasingly drowsy. A 
computed tomography (CT) examination of the 
head was performed which showed diffuse cere- 
bral swelling with some cortical enhancement. A 
provisional diagnosis of increased intracranial 
pressure secondary to cerebral venous sinus 
thrombosis was made. The patient was treated 
with mannitol and transferred to our hospital for 
further management. 

On arrival, she was drowsy but orientated. She 
complained of headache, and on examination 
there was restriction of upgaze and papilloedema. 
There were no other neurological signs. However, 
on turning her head to the right, she rapidly 
became unresponsive, with horizontal roving eye 
movements and developed bilaterally dilated but 
reactive pupils. These signs resolved immediately 
on rotating her head to the left. A similar episode 
occurred when the head was elevated by 20°. CT 
examination of the head was repeated and on this 
occasion post enhancement study showed the 
characteristic “empty delta” sign, a finding 
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CEREBRAL VENOUS THROMBOSIS 





Fic. 1. Post enhancement CT of the head. There is a filling 
defect in the superior sagittal sinus (arrow), 
superior sagittal sinus thrombosis. 


pathognomonic of superior sagittal sinus throm- 
bosis [1] (fig. 1). In addition, thrombosis of the 
left transverse sinus was demonstrated. Digital 
subtraction venous angiography via the left arm 
confirmed extensive thrombus in the left internal 
jugular and brachiocephalic veins (fig. 2). 
Heparin therapy was continued, but over the 
next 48 h the platelet count decreased from 180 to 
59 x 10" litre}. Fibrin degradation products were 
normal and heparin was assumed to be responsible 
for her thrombocytopenia. Heparin was dis- 
continued and anticoagulation was continued with 
warfarin, after which the platelet count increased. 
In addition, in view of a possible infective 
component to the thrombosis, i.v. antibiotics 
(flucloxacillin and amoxycillin) were commenced. 
Intracranial hypertension was managed with dexa- 
methasone, acetazolamide and mannitol. Over the 
next 48h, the patient’s symptoms improved 
markedly, although papilloedema was still pres- 
ent. In addition, there was partial resolution of the 
inflammation and swelling in her neck, although 
the internal jugular vein remained indurated to 
palpation. Warfarin and acetazolamide were 
continued. Over the next 2 months, severe 
papilloedema persisted with marked enlargement 


diagnostic of 
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Fic. 2. I.v. digital subtraction angiogram, There is complete 
occlusion of the left subclavian vein, with extensive collateral 
formation via intercostal and internal mammary branches 


of the blind spots. Visual acuity remained stable at 
6/5 in both eyes. 

At latest follow up, after 3 months, the 
papilloedema was beginning to resolve, and the 
area of residual induration in the left side of the 
neck was smaller. 


DISCUSSION 


Asymptomatic thrombosis (i.e. the presence of a 
sleeve of fibrin around a catheter or thrombus 
adherent to a vessel wall) is not uncommon after 
central venous cannulation. A recent study has 
suggested an incidence as high at 70 %⁄ [2]. Factors 
thought to contribute to the development of 
thrombosis are duration of cannulation, position 
of the catheter tip, physical properties of the 
catheter and nature of infused fluid. Our patient 
may therefore be considered to have been at high 
risk of developing thrombosis as a relatively rigid 
catheter, proximal to the right atrium, was used to 
infuse hyperosmolar total parenteral nutrition 
solution. 

However, despite the apparent high incidence 
of local thrombosis around catheter tips, symp- 
tomatic anterograde and retrograde extension of 
thrombus is rare. Factors which may predispose 
to extension of thrombus, when initiated, are 
infection, intrinsic abnormalities of coagulation 
and relative intravascular stasis. Similar con- 
siderations apply to the aetiology of cerebral sinus 
thrombosis. 
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Despite the temporal relationship between the 
institution of antibiotic therapy and clinical 
improvement in our patient, no unequivocal 
evidence of infection could be obtained, 
although she exhibited a low grade fever 
(37.5°C) and a slight polymorph leucocytosis 
(11-17 x 10° litre"). No growth was obtained 
from blood cultures. There were no other sources 
of local infection described classically as causing 
cerebral venous thrombosis, such as chronic otitis 
media, tonsillitis and osteomyelitis. 

Several other conditions may predispose to 
dural sinus thrombosis [3]. These include preg- 
nancy and the puerperium, transfusion reactions, 
polycythaemia, thrombocythaemia, haemolytic 
anaemia, sickle cell disease, collagen vascular 
disorders (systemic lupus erythematosis and 
Behçets syndrome), inflammatory bowel disease, 
lupus anticoagulant, protein S deficiency, anti- 
thrombin 3 deficiency, cryofibrinogenaemia and 
oestrogen therapy. None of these conditions was 
present in our patient. 

A relatively hypercoagulable state exists after 
operation [4] and this may be exacerbated by 
hypotension and increases in blood viscosity 
secondary to dehydration and haemoconcentra- 
tion. This may have predisposed to formation of 
thrombus in our patient. Although rare, cerebral 
sinus thrombosis has been reported as following 
central venous cannulation [5, 6]. 

However, in previous cases this has been 
associated with probable retrograde flow of hyper- 
osmolar total parenteral nutrition solution in the 
internal jugular vein after catheter misplacement 
in the region of the jugular bulb. In addition, 
cerebral sinus thrombosis has followed placement 
of pacing wires [7, 8] and ligation of the internal 
jugular vein [9]. The relative rarity of cerebral 
symptoms after occlusion of the jugular vein may 
be explained in part by the presence of numerous 
anastomotic channels associated with the venous 
drainage of the head. However, these are not a 
constant feature. It is interesting to note that our 
patient appeared to perform a variation of Crowe’s 
Test (compression of the contralateral jugular 
vein causing unilateral facial venous engorgement) 
for transverse sinus thrombosis [10] when she 
turned her head to the right. 

The anatomy of the region of the confluence of 
the sinuses is variable [11]. In the majority of 
cases the superior sagittal sinus drains into the 
right transverse sinus and thence to the right 
internal jugular vein. In only 8 % of cases does the 


BRITISH JOURNAL OF ANAESTHESIA - 


superior sagittal sinus drain exclusively into the 
left transverse sinus and thence to the left internal 
jugular vein. It is therefore of interest that our 
patient showed superior sagittal sinus thrombosis 
in association with left transverse sinus throm- 
bosis. 

Classically, the features of superior sagittal 
sinus thrombosis are those of increased intra- 
cranial pressure caused by obstruction of venous 
and cerebrospinal fluid outflow. Fever may occur. 
Less commonly, convulsions and focal neuro- 
logical deficits arise from associated haemorrhagic 
infarction [3]. 

Although the diagnosis may be suspected on 
clinical grounds it should be confirmed by 
angiography, CT [12] or magnetic resonance [13] 
imaging. Non-specific, unenhanced CT findings 
include ventricular compression and haemorragic 
infarction, although initially the examination may 
be normal. The “empty delta” sign seen on post 
enhancement CT is present in only 30 % of cases 
but when seen, confirms the diagnosis [1]. 

Prognosis of dural sinus thrombosis is difficult 
to evaluate, as it is related to the aetiology. 
Mortality has been reported as 5-80 %. In general, 
mortality appears to be declining as infection 
becomes a less prominent aetiological factor and 
since the advent of antibiotics. Adverse prognostic 
features include coma, infection, cerebral venous 
extension, cerebral infarction and seizures [3]. 

The role of anticoagulation in cerebral venous 
sinus thrombosis is uncertain [14]. In the presence 
of haemorrhagic infarction, it should be avoided. 
However, at least one controlled study has 
demonstrated benefits from anticoagulation [15]. 
In our patient, in whom there was extensive dural 
sinus thrombosis without CT evidence of cerebral 
infarction, it was thought that the potential 
benefits outweighed the risks. Thrombolytic ther- 
apy for venous thrombosis using streptokinase or 
urokinase is being evaluated [16, 17], but cannot 
be recommended routinely at this time, and was 
considered inappropriate in our patient in view of 
her recent bowel anastomosis. 
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DELAYED PNEUMOTHORAX AFTER SUBCLAVIAN VEIN 
CATHETERIZATION AND POSITIVE PRESSURE 


VENTILATIONT 


M. C. CRONEN, P. W. CRONEN, P. ARINO AND K. ELLIS 


SUMMARY 


Delayed pneumothorax may occur after sub- 
clavian vein catheterization and results from slow 
accumulation of air in the pleural space. Thus 
initial postinsertion chest x-rays may not detect 
this complication. The addition of positive press- 
ure ventilation for general anaesthesia may make 
this complication life threatening. We report 
three cases and the literature is surveyed. 


KEY WORDS 


Complications: delayed pneumothorax. Veins: subclavian 
catheterization. 


Pneumothorax after subclavian vein catheter- 
ization is a well documented complication that 
may occur in 1-10 % of all catheter insertions [1]. 
While it is standard practice to obtain a chest 
x-ray after catheterization to confirm placement 
and to exclude complication, initial films may fail 
to show a pneumothorax. A delayed pneumo- 
thorax may occur from 8h to 4 days after 
insertion. We have experienced three instances in 
which pneumothorax followed insertion of a 
central venous catheter and positive pressure 
ventilation for general anaesthesia. 


CASE REPORTS 
Patient 1 


A 68-yr-old woman with gastrointestinal bleed- 
ing and hypotension underwent rapid fluid and 
red cell infusions via peripheral veins. After 
stabilization, a left subclavian vein catheterization 
was attempted, but was unsuccessful. A left 
internal jugular catheter was inserted. Chest x-ray 
showed the catheter to be in good position and a 
pneumothorax was not present. Six hours after 


bowel resection for continued gastrointestinal 
blood loss, the patient became moderately hypo- 
tensive with an arterial pressure of 90 mm Hg. 
Decreased breath sounds were noted on the left 
side. Volume infusion corrected the presumed 
volume deficit, but a chest x-ray later that day 
showed a pneumothorax. Closed thoracostomy 
was performed. 


Patient 2 


A 54-yr-old white female with inflammatory 
bowel disease underwent parenteral alimentation 
for nutritional support before bowel resection. A 
left subclavian catheter was inserted after multiple 
attempts. The initial chest film did not show any 
abnormality. Two days later, during the op- 
eration, the patient’s arterial pressure decreased 
to 70mm Hg. This responded to infusion of 
fluids. Hypotension recurred in the recovery room 
and a chest x-ray was obtained which showed a 
left tension pneumothorax. A chest drain was 
inserted and the patient’s symptoms resolved. 


Patient 3 


A 63-yr-old man with rectal carcinoma had a 
right subclavian catheter inserted 2 days before an 
abdomino—perineal resection. No abnormality was 
noted on chest x-ray after the procedure. During 
operation, the patient became hypotensive with 
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DELAYED PNEUMOTHORAX 


TABLE I. Delayed pneumothorax: summary of case reports in 
the literature. n/a = Not available by case from report: 75% 
overall. PPV = Positive pressure ventilation 





Presentation Patient 
(days after Insertion sympto- 
Authors insertion) difficult matic PPV 
Lewis [1] 1.0 - - ~ 
Mitchell and 5.0 + + 
Steer [2] 
Slezak and 1.0 + + _ 
Williams [3} 0.1 + + = 
15 + = — 
Plaus [4] 0.3 n/a + - 
0.7 n/a + = 
0.7 n/a + ~ 
3.0 n/a + - 
: 4.0 n/a + — 
Sivak [5] 2.0 — + ~ 
4.0 — + =- 
Present study 1.0 + + + 
2.0 + — + 
3.0 + — + 


low central venous pressures, suggesting hypo- 
volaemia. Hypoxaemia then occurred. The oper- 
ation was completed hurriedly and a chest x-ray 
was obtained immediately after operation; this 
revealed a right tension pneumothorax. Insertion 
of a chest drain relieved the patient’s symptoms. 


DISCUSSION 


These three anecdotal cases illustrate the fact that 
delayed pneumothorax after insertion of a central 
venous catheter may occur with positive pressure 
ventilation. We postulate that a small visceral 
pleural laceration occurred at the time of catheter- 
ization which was not large enough to cause a 
detectable pneumothorax on the initial post- 
insertion chest film, or the laceration sealed 
promptly. With time, either slow accumulation of 
air occurred in the pleural cavity and was 
accelerated with positive pressure ventilation, or 
re-opening of the laceration occurred, causing a 
symptomatic pneumothorax. The presenting fea- 
ture of all three cases was haemodynamic in- 
stability in the intraoperative or early post- 
operative phase. In all subjects, the facts that 
initial chest films were normal and that volume 
infusion initially improved the haemodynamic 
situation led the physicians to look for alternative 
causes. It is noteworthy that insertion of the 
catheter was difficult in two of the three patients. 
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Signs of pneumothorax may be masked during 
anaesthesia. Auscultation may not reveal de- 
creased breath sounds and a tracheal shift may not 
be apparent because of mechanical ventilation, 
indwelling tubes or patient position. Tachycardia 
and hypotension, as in our cases, may be the 
initial signs and suggest hypovolaemia rather than 
pneumothorax. A bulging hemidiaphragm during 
intra-abdominal procedures may be a clue to the 
diagnosis. 

While delayed pneumothorax from insertion of 
a central venous catheter is probably not in- 
frequent, there are few descriptions of this 
complication. Mitchell and Steer reported a case 
occurring in a patient before operation [2]. They 
recommended that a chest x-ray should be 
obtained before operation in any patient with a 
central venous catheter. Slezak and Williams have 
reported three cases of delayed pneumothorax [3]. 
In all patients, insertion of a catheter was difficult, 
and two of the three had complaints of chest pain 
on the side of the insertion. None occurred with 
positive pressure ventilation. Lewis [1] has re- 
ported one additional case in which the patient 
was asymptomatic. Plaus has reported the largest 
series, with five cases and, from a retrospective 
review at his institution [4], estimated an in- 
cidence of symptomatic delayed pneumothorax of 
4.1%. Difficulty in catheterization was noted in 
75 % of all cases of pneumothorax. None occurred 
with positive pressure. In Sivak’s report of two 
cases, it was recommended that a preoperative 
chest x-ray be obtained in all patients with a 
central venous catheter [5]. 

Based on these 12 and our three case reports 
(table I), we would suggest that a repeat chest 
x-ray should be obtained: (1) in all patients in 
whom catheterization was difficult, including 
those patients in whom suspected pleural entry 
occurred (air aspiration, chest pain) but in whom 
the initial chest film was negative; (2) when 
haemodynamic instability occurs during opera- 
tion and seems out of proportion to fluid and 
blood loss; (3) in any patient with clinical 
symptoms of pneumothorax (chest pain, respira- 
tory difficulty, or shoulder tip pain). In addition, 
routine delayed chest film may be advisable in any 
patient with an existing central venous catheter. 
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REPAIR OF TRAUMATIC TRANSECTION OF THE 
THORACIC AORTA: ESMOLOL FOR INTRAOPERATIVE 
CONTROL OF ARTERIAL PRESSURE 


S. G. FENNER, A. MAHONEY AND J. N. CASHMAN 


SUMMARY 


We report the intraoperative use of esmolol for 
control of arterial pressure during repair of a 
traumatic transection of the descending thoracic 
aorta. A mean infusion rate of esmolol 50.5 ug 
kg! min’ resulted in a decrease in mean arterial 
pressure to 63 mm Hg and heart rate to 99 beat 
min and was associated with excellent surgical 
conditions. The infusion rate of esmolol was 
titrated easily against mean arterial pressure, 
which increased rapidly on discontinuing its 
infusion. Control of arterial pressure with esmolol 
was comparable to that achieved with sodium 
nitroprusside, but without the reflex tachycardia 
or decrease in Pag, associated with the latter 
agent. 


KEY WORDS 


Anaesthetic techniques : induced hypotension. Arterial press- 
ure: esmolol, sodium nitroprusside. Surgery: aortic tran- 
section. 


CASE REPORT 


A previously healthy 20-yr-old man was admitted 
to hospital following a road traffic accident. 
Clinical and radiological examinations at the 
referring hospital had revealed multiple fractures, 
central abdominal peritonism, but no evidence of 
significant head or chest injury. After resusci- 
tation with i.v. fluids, laparotomy was performed 
and damaged small bowel and mesentery were 
resected, his fractured right elbow was stabilized 
in plaster of Paris and a right distal tibial traction 
pin was inserted. On the first day after operation 
the patient complained of central chest pain and 
another chest x-ray revealed widening of the 
superior mediastinum. A provisional diagnosis of 
intrathoracic aortic transection was made. 


The patient was transferred to this Regional 
Cardiothoracic Unit for investigation and man- 
agement of suspected intrathoracic aortic injury. 
On his arrival, assessment revealed a conscious 
patient with an arterial pressure of 110/70 mm 
Hg, heart rate 100 beat min™, normal peripheral 
pulses and good urine output. A subsequent arch 
aortogram revealed a leak of contrast just distal to 
the left subclavian artery, consistent with tran- 
section of the descending thoracic aorta. The 
patient was transferred immediately to the operat- 
ing theatre for repair of this defect via a left 
thoracotomy. 

In the anaesthetic room, the right radial and 
posterior tibial arteries were cannulated for 
measurement of proximal and distal arterial 
pressures during aortic cross-clamping. A 7- 
French gauge thermodilution pulmonary artery 
catheter (American Edwards Laboratories) was 
placed via the right internal jugular vein. In the 
operating theatre full invasive haemodynamic 
monitoring was commenced during preoxygen- 
ation. Anaesthesia was induced with diamorphine 
200 ug kg i.v. followed by thiopentone 2 mg 
kg? i.v. Suxamethonium 1.5 mgkg™? i.v. was 
administered to facilitate intubation with a 37- 
French gauge left-sided double-lumen endo- 
bronchial tube. Further increments of dia- 
morphine were given to a total dose of 400 ug kg! 
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Fic. 1. Heart rate (W) and proximal MAP (CJ) changes during anaesthesia for repair of aortic rupture, 
showing their relation to aortic cross-clamping and to the infusions of esmolol and SNP. 


i.v. Anaesthesia during the 5-h procedure was 
maintained by intermittent positive pressure ven- 
tilation with 25-50 % nitrous oxide and enflurane 
in oxygen with intermittent boluses of fentanyl 
(total 15 ug kg™ i.v.) and pancuronium (total 
250 pg kg i.v.). It was decided to use an i.v. 
infusion of esmolol (Brevibloc-Dupont Pharma- 
ceuticals) to control systemic arterial pressure 
during aortic dissection, before aortic cross- 
clamping. The authors were interested also to 
compare the cardiovascular conditions provided 
by esmolol with those provided by sodium 
nitroprusside (SNP) (currently our preferred 
agent for the intraoperative control of arterial 
pressure). Therefore, after 1h the infusion of 
esmolol was changed to an i.v. infusion of SNP. 

During the course of surgery cardiac output, 
pulmonary artery pressures, pulmonary capillary 
wedge pressures (PCWP) and arterial blood-gas 
Measurements were recorded at intervals in 
addition to the usual variables recorded during an 
intrathoracic vascular procedure. After induction 
of anaesthesia, arterial pressure stabilized at 80/55 
mm Hg with a heart rate of 110-120 beat min“. 
However, within 15 min of the commencement of 
surgery, arterial pressure and heart rate had 


increased to 130/60 mm Hg and 140 beat min“, 
respectively. At this point an infusion of esmolol 
150 pg kg min-! was commenced without a 
bolus loading dose. This produced a rapid 
decrease in heart rate and arterial pressure to 95 
beat min™ and 80/45 mm Hg, respectively (figs 1, 
2). During the next 60 min of one lung-ven- 
tilation, before aortic cross-clamping, the infusion 
of esmolol was adjusted to maintain mean arterial 
pressure (MAP) at an average of 63 mm Hg, with 
an average heart rate of 99 beat min“ (fig. 1). 
After esmolol was discontinued, MAP was 
controlled for the remaining 20 min before ap- 
plication of the aortic cross-clamps with an 
infusion of SNP which was commenced at a rate 
of 1.5 ug kg min (fig. 1). This produced a 
rapid decrease in arterial pressure to 72/44 mm 
Hg (fig. 2), but was associated with an increase in 
heart rate to 125 beat min™ (fig. 1). There was an 
increase in cardiac index during infusion of SNP 
compared with values obtained both before induc- 
tion and during the infusion of esmolol. Arterial 
blood-gas measurements revealed a decrease in 
Pao, from 10 kPa before infusion of SNP to 7.7 
kPa during infusion of SNP, despite unchanged 
ventilation and inspired oxygen concentration. 


ESMOLOL FOR THORACIC AORTIC TRANSECTION 


200 


150 
D 
x 
E 
E 
< 100 
W) 
3 
£ 
XxX 
o 
ou 


50 


Esmolol 
infusion 
60 90 0 


30 12 








485 
200 
150 
© 
I 
E 
E 
100 & 
O 
T 
E 
x 
2 
oa 
50 
Aortic x-clamp 
j 
150 180 210 240 270 300 


Time from induction (min) 


Fic. 2. Proximal systolic (SAP) (O) and diastolic (DAP) (@) arterial pressures during anaesthesia for 
repair of aortic rupture, showing their relation to aortic cross-clamping and to the infusions of esmolol 
and SNP. 


TABLE I. Proximal mean arterial pressures (MAP), pulmonary capillary wedge pressures (PCWP), cardiac indices and systemic 
arterial oxygen partial pressures (Pag,) in relation to intraoperative events and drug infusions during repair of transected thoracic 
aorta. OLV = One lung ventilation; x-clamp = aortic cross-clamps applied; n/a = not available 











Cardiac 

Time MAP PCWP index 
(min) (mm Hg) (mm Hg) (litre min`! m~?) 

-5 77 n/a 4.50 

75 34 1l 3.21 

135 70 12 5.90 

175 118 12 4.94 

285 56 6 5.12 





Arterial 

Pao Drug 

(kPa) infusions Events 
n/a Nil Before 

induction 
10.00 Esmolol OLV 
60 ug kg~* min“? 

12.40 Nil OLV + x-clamp 
n/a Nil OLV +x-clamp 
7.70 OLV 








Cardiac index measurements, arterial Pao, MAP 
and PCWP obtained before induction, during the 
infusion of esmolol, during aortic cross-clamping 
and during the infusion of SNP are shown in table 
I. 

The aortic cross-clamps were applied for 75 min, 
during which time the 95% transection of the 
descending aorta was repaired with a 16-mm 
-Gelseal (Vascutek) graft whilst distal perfusion 
pressure (measured at the right posterior tibial 


artery) was maintained with a 7-mm Gott shunt 
(Argyle). At the surgeon’s request, SNP was 
discontinued after aortic cross-clamping in order 
to maintain distal arterial pressure, which had 
decreased rapidly after the application of the 
cross-clamps. Distal MAP stabilized at 50 mm 
Hg after stopping SNP; proximal MAP was 
117 mm Hg. The infusion of SNP was recom- 
menced just before the aortic cross-clamps were 
released and was adjusted to achieve a proximal 
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MAP of 60-70 mm Hg. Unfortunately, this was 
associated with an increase in heart rate from an 
average of 123 beat min"! during aortic cross- 
clamping to 132 beat min“ after the cross-clamps 
had been released. A reduction in this heart rate 
was achieved before the end of surgery by 
administration of three increments of labetalol 
10 mg i.v. 

After operation the lungs were ventilated 
mechanically for 48 h and the patient sedated with 
an i.v. infusion of papaveretum and intermittent 
i.v. bolus doses of diazepam. Arterial pressure was 
controlled with i.v. infusions of labetalol and 
SNP. During this period the patient underwent a 
12-h orthopaedic operation for internal fixation of 
his fractured long bones. The patient was dis- 
charged eventually back to the referring hospital 4 
days after the aortic repair. 


DISCUSSION 


Esmolol is an ultra-short acting B,-adrenoceptor 
antagonist. In normal subjects after i.v. ad- 
ministration, it has distribution and elimination 
half-lives of only 2 min and 9 min [1], respect- 
ively. Esmolol has a rapid onset of action: an 
effect on heart rate is observed within 3 min [2]. It 
is metabolized rapidly, predominantly by eryth- 
rocyte esterases, to an acid metabolite (a 1500-fold 
less potent adrenoceptor antagonist than esmolol) 
and methanol. Plasma cholinesterases are not 
involved in the metabolism and there is thus no 
significant effect on the inactivation of suxa- 
methonium [3,4]. Less than 1% of an ad- 
ministered dose of esmolol is recovered un- 
changed in the urine; more than 70% of the acid 
metabolite is recovered from the urine [5]. 
Esmolol has been shown to be effective in 
attenuating the hypertension and tachycardia 
resulting from laryngoscopy and tracheal intu- 
bation [2, 6, 7], for the control of intraoperative 
hypertension and tachycardia [7, 8] and has been 
used effectively as part of the management of 
arterial pressure during resection of phaeochromo- 
cytoma [9]. In addition, esmolol has been used 
successfully to control atrial tachyarrhythmia [10] 
and in the management of angina pectoris [11]. 
The authors are unaware of any previous report 
of the use of esmolol to control arterial pressure 
during surgery to repair transection of the thoracic 
aorta. In such cases, control of arterial pressure is 
important before application of aortic cross- 
clamps in order to prevent further aortic dis- 
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ruption and haemorrhage [12]. Furthermore, it is 
important after application of the cross-clamps in 
order to prevent acute left ventricular failure [12]. 
Even at relatively low infusion rates, esmolol 
proved to be extremely effective in controlling 
this patient’s arterial pressure before aortic cross- 
clamping. The effect of esmolol on arterial 
pressure was adjusted easily because of its short 
elimination half-life. The negative chronotropic 
effect of esmolol in this patient was observed 
clearly when compared with SNP, which pro- 
duced tachycardia. This effect of esmolol may be 
of considerable advantage in patients with 
ischaemic heart disease, in whom the tachycardia 
and reduced coronary artery perfusion pressure 
produced by SNP may impair the myocardial 
oxygen supply and demand relationship, which 
may in turn be associated with myocardial 
ischaemia [8,13]. The negative chronotropic 
effect of esmolol may also be useful in younger 
patients who usually exhibit marked compensa- 
tory tachycardia when controlled hypotension is 
induced with an arteriolar dilating agent such as 
SNP. Furthermore, SNP causes a much greater 
decrease in diastolic arterial pressure than esmolol 
[14]. This may have important implications for 
maintenance of coronary and renal artery per- 
fusion pressures. A further undesirable action of 
SNP is its effect on hypoxic pulmonary vaso- 
constriction (HPV). Esmolol has no discernible 
effect upon HPV, demonstrated by minimal 
changes in PCWP and Pao, as opposed to SNP 
which causes decreases in both [14]. We were 
interested to observe these differences between 
esmolol and SNP in our patient (table I). 
Esmolol is relatively contraindicated in patients 
with left ventricular dysfunction, as it may reduce 
cardiac output further. Sodium nitroprusside 
usually causes an increase in cardiac output (as 
seen here) and therefore may be the preferred 
agent in this situation [14]. Some of the dis- 
advantages of using SNP may be attenuated by 
concomitant use of a B-adrenoceptor antagonist 
such as propranolol or the mixed a- and B- 
adrenoceptor antagonist, labetalol [12, 15]. Both 
of these agents have elimination half-lives which 
are substantially longer than those of esmolol or 
SNP, making fine control of arterial pressure and 
heart rate during anaesthesia unpredictable and 
difficult to achieve. Any deleterious effects of 
B-adrenoceptor antagonism, caused by esmolol, 
should resolve quickly and spontaneously as a 
result of its rapid metabolic breakdown. A more 
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logical approach to control of arterial pressure 
during anaesthesia and surgery for cases such as 
this might be to use infusions of a short-acting 
vasodilating agent such as SNP in combination 
with an ultra-short acting B-adrenoceptor antag- 
onist such as esmolol. 
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THE PNEUPAC HYPERBARIC VARIANT HB: A 
VENTILATOR SUITABLE FOR USE WITHIN A ONE-MAN 


HYPERBARIC CHAMBER 


M. J. SPITTAL, S. J. HUNTER AND L. JONES 


SUMMARY 


We describe the performance of the pneuPAC 
hyperbaric variant HB, a ventilator designed for 
use in a one-man hyperbaric chamber. The 
ventilator delivered minute volumes of 11-23 
litre at 1 atm abs to 7.6—-16 litre at 2.5 atm abs. 
The delivered minute volume may be controlled 
easily from outside the chamber by manipulation 
of the ventilator rate, 11.5-31 b.p.m. 


KEY WORDS 
Equipment: ventilators. Hyperbaria: ventilation. 


The pneuPAC range of ventilators has become 
accepted widely for both resuscitation (Models 1, 
2 & 3) and anaesthesia (Model 4). The ventilators 
work on the moving part, pneumatic logic prin- 
ciple; they are time-cycled, constant flow genera- 
tors capable of delivering a preset tidal volume 
irrespective of the patient’s airway resistance or 
lung compliance [1]. However, when a standard 
pneuPAC ventilator was used in a hyperbaric 
chamber, the tidal volume decreased exponen- 
tially and the frequency increased linearly as the 
pressure increased until a point was reached at 
which the performance was no longer adequate 
[2], because the delivered flow rate and time 
pulses decreased under the influence of increasing 
ambient pressure. The most significant reduction 
in tidal volume occurred when the pressure 
increased from 1 to 2 atm abs. 

The pneuPAC variant HB has been designed 
specifically for one-man hyperbaric chambers to 
permit the ventilator to be controlled from outside 
the chamber. 


MATERIALS AND METHODS 


The pneuPAC hyperbaric variant HB (fig. 1) 
comprises a standard pneuPAC Model 2 control 


module, a high pressure regulator and relay valve 
assembly, a chamber module and the standard 
pneuPAC patient valve. 

The pneuPAC control module is driven by a 
400-kPa oxygen supply (fig. 2). It has a single 
control which governs inspiratory time. Expira- 
tory time is not operator adjustable, but varies 
with inspiratory time [1] to produce I:£ ratios of 
1:5-1:1.6 and frequencies of 11.5-31 b.p.m. 
Ventilator rate is depicted on the casing of the 
control module. Hence the control module 
generates a breathing pattern, the purpose of 
which is to provide operator controlled, inter- 
mittent switching of the relay valve. 

The high pressure regulator reduces cylinder 
pressure to 6 atm abs, this being 300 kPa greater 
than the maximum working hyperbaric chamber 
pressure. The pneumatic relay valve intermit- 
tently exposes the chamber module to this 600- 
kPa oxygen source in the breathing pattern 
dictated by the control module. Oxygen used to 
ventilate the patient’s lungs is provided entirely 
from the 600-kPa source. ` 

The chamber module contains a second re- 
ducing valve referenced to the ambient chamber 
pressure; its output is 300 kPa plus ambient 
chamber pressure, hence the need for a 6-atm abs, 
oxygen source if the maximum working chamber 
pressure is 3 atm abs. A factory preset needle 
valve is incorporated in the module and acts as a 
flow limiter. There is a constant pressure 
differential across the valve of 300 kPa (300 kPa 
plus ambient chamber pressure on one side, 
ambient chamber pressure on the other) and it is 
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Fic. 1, The pneuPAC hyperbaric variant HB. a = Size G oxygen cylinder (3400 litre); b = pneuPAC 
reducing valve; c = pneuPAC high pressure reducing valve; d = relay valve; e = pneuPAC Model 2 
contro! module; f = chamber module; g = pneuPAC patient valve. 
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Fic. 2. The pneuPAC hyperbaric variant HB. Principle of operation. a = Size G oxygen cylinder 
(3400 litre); b = pneuPAC reducing valve; c = pneuPAC high pressure reducing valve; d = relay valve; 
e = pneuPAC Model 2 control module; f = chamber module; g = pneuPAC patient valve; h = variable 
output reducing valve; i = flow limiter (needle valve); j = oxygen at 400 kPa; k = oxygen at 600 kPa. 


set to allow a flow of 60 litre min™ at an ambient 
pressure of 1 atm abs. 

. Using the Vickers one-man hyperbaric chamber 
at Princess Alexandra Hospital, we assessed the 
ventilator through the clinically useful ambient 
pressure range of 1-2.5 atm abs. Tidal volumes 
were measured using a Wright’s respirometer and 


a Medishield calibrated displacement lung ven- 
tilation performance tester (20 cm H,O litre! 
compliance) connected in series to the patient 
valve. Three sets of measurements were made, at 
pressures of 1, 1.5, 2 and 2.5 atm abs during both 
the compression and decompression phases; thus 
there were six measurements of delivered tidal 
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volume at each pressure. Each measurement 
represented the mean of three estimations. Ven- 
tilator rate was noted also. 


RESULTS 


Oxygen was used as this is the only gas used 
clinically in our practice. The minute volumes 
delivered decreased by 30% as the ambient 
pressure increased from 1 to 2.5 atm abs (fig. 3). 

There was a good correlation between the tidal 
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Fic. 3. Comparison of minute volumes delivered (Volume) at 
different ventilator rate settings with changes in ambient 
pressure. 
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volumes measured by the Wright respirometer 
and the lung ventilation performance tester (table 
I). 


DISCUSSION 


The Wright respirometer is prone to under- 
reading at low tidal volumes and over-reading at 
high tidal volumes [3], and may be affected by 
variations in gas density or viscosity. Fortunately, 
the calibrated displacement lung ventilation per- 
formance tester is less likely to be susceptible to 
these errors and the coefficients of regression and 
correlation between the two types of apparatus 
(table I), at the modest volumes and pressures 
used, support the use of the Wright respirometer 
alone for monitoring ventilation in clinical prac- 
tice. 

It may be seen from figure 3 that minute 
volume decreased by 30% as ambient pressure 
increased from 1 to 2.5 atm abs. This is caused by 
the characteristics of the flow limiting needle 
valve in the chamber module. Although the 
pressure differential across the needle valve is 
constant, flow through the valve is inversely 
proportional to the square root of gas density [4]; 
hence flow decreased with increasing oxygen 
density as the chamber was pressurized. 

Several centres in the U.K. are equipped with 
one-man hyperbaric chambers which may be used 
for treatment of severe carbon monoxide poison- 
ing and anaerobic infections. The neuro- 
pathological lesions of patients who die within 
hours or days of severe carbon monoxide 
poisoning include cerebral oedema and necrosis of 
the globus pallidus and substantia nigra [5]. 


TABLE I. Mean (SD) tidal volumes measured using lung ventilation performance tester (LVPT) and Wright respirometer (WR) at 
1, 1.5, 2 and 2.5 atm abs. b = Regression coefficient; r = correlation coefficient 





PneuPAC control module rate (b.p.m.) 








31 24 20 17 14 b r 
I atm abs 
LVPT (ml) 350 (7.1) 470 (18.1) 590 (16.3) 700 (22.3) 850 (25.1) 1.02 0.99 
WR (ml) 330 (12.9) 460 (10.1) 590 (14.1) 680 (26.2) 930 (29.4) : ` 
1.5 atm abs 
LVPT (ml) 280 (10.1) 400 (17.2) 530 (12.3) 640 (17.1) 810 (23.3) 1.05 0.99 
WR (ml) 270 (6.7) 400 (12.5) 530 (10.4) 640 (24.0) 920 (37.0) i : 
2 atm abs 
LVPT (ml) 250 (12.7) 400 (9.6) 530 (12.6) 600 (10.3) 830 (27.1) 1.00 1.00 
WR (ml) 240 (11.4) 370 (16.3) 490 (14.3) 590 (15.2) 880 (19.6) Í i 
2.5 atm abs 
LVPT (ml) 230 (10.1) 320 (9.6) 400 (14.4) 480 (12.4) 690 (18.1) 0.99 1.0 
WR (ml) 230 (9.4) 320 (7.2) 400 (10.7) 440 (14.7) 700 (20.4) 
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Hyperbaric oxygen therapy increases the partial 
pressure of oxygen dissolved in plasma and 
accelerates dissociation of carbon monoxide hae- 
moglobin, intracellular cytochromes and mito- 
chondria, and also decreases cerebral oedema [6]. 
Patients typically receive hyperbaric oxygen ther- 
apy at pressures of 1.5-2.5 atm abs for up to 90 
min. If the performance of a ventilator is degraded 
by chamber pressurization, hypoventilation 
ensues, allowing carbon dioxide retention and 
hence potentially increasing intracranial pressure. 
It is essential, therefore, to be able to adjust the 
ventilator to maintain a stable minute volume in 
response to alterations in chamber ambient press- 
ure. As there is no monitor available for safe 
measurement of FEco, within a hyperbaric 
chamber, the clinician must therefore base 
ventilatory requirements on minute volume. 
The pneuPAC hyperbaric variant HB is now 
used routinely in clinical practice. Servicing 
requirements of the pneuPAC hyperbaric variant 
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are similar to those of a standard model 2 
ventilator; the ventilator therefore requires a 
manufacturer’s inspection every 6 months or 2 
years, depending on use. 
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FRESH GAS UTILIZATION OF EIGHT CIRCLE SYSTEMS 


A. M. ZBINDEN, P. FEIGENWINTER AND M. HUTMACHER 


SUMMARY 


The fresh gas utilization (FGU) of a semi-closed 
breathing system is defined as the ratio of the 
amount of gas reaching the patient’s lungs to the 
total. amount of fresh gas flowing into the 
breathing system. It indicates to what extent a 
breathing system conserves anaesthetic gases 
and provides inspired gas concentrations as close 
as possible to those in the fresh gas, even at low 
fresh gas flows (FGF). We have measured FGU 
in eight circle systems used conventionally in 
Europe; Dräger Cicero, Dräger Sulla 808V with 
circle system 8 ISO and ventilator Ventilog, 
Dräger AV1, Ohmeda Modulus I! Plus, Gambro 
Engström Elsa, Siemens Servo Ventilator 900 D 
with circle system 985, Siemens Ventilator 710 
and Megamed 700A with circle system 219. The 
Tests were performed according to the Draft 
European Standard “Anaesthetic Workstations 
and Their Modules. None of the systems tested 
showed the characteristics of an ideal system 
which would reach 100% FGU with an FGF less 
than minute volume. At FGF 3 litre min-’, FGU 
was: Gambro Engström Elsa 97.8%, Siemens 
Servo Ventilator 900 D with circle system 96.1 %, 
Drager Cicero 93.4%, Ohmeda Modulus II Plus 
93.1%, Dräger 8 ISO 92.3%, Dräger AV1 87.6%, 
Megamed 700A 77.0% and Siemens Ventilator 
710 74.1%. 


KEY WORDS 
Equipment: breathing systems, fresh gas utilization. 


INTRODUCTION 


The fresh gas utilization (FGU) of a semi-closed 
anaesthesia breathing system may be measured as 
the ratio of the fresh gas reaching the patient 
(FGP) to the total amount of fresh gas flowing into 


the system (FGF). Ideally, all the gas flowing into 
the system is delivered to the patient and FGU 
equals unity when fresh gas flow is less than total 
minute ventilation. In the least desirable case, 
fresh gas escapes through the exhaust port without 
reaching the patient and FGU would thus ap- 
proximate to zero. There are several reasons for 
striving for high FGU: economy, avoidance of 
pollution and obtaining inspired gas concen- 
trations that approach the concentrations in the 
fresh gas even at lower FGF. Inspired gas 
concentrations differ from fresh gas concen- 
trations as the latter are diluted with exhaled gas 
within the breathing system. The difference 
between concentrations in fresh gas and inspired 
gas depends on many factors: FGF, ventilation, 
gas uptake by the patient, absorption of anaes- 
thetics to system components, arrangement of the 
components of the circle system and leakage. 

The interaction of these factors make quan- 
titative theoretical prediction of FGU difficult. 
FGU tends to become small at high FGF and also 
with systems in which fresh gas may escape easily 
through the overflow valve, for example because 
the latter is close to the fresh gas inlet. When 
inspiratory and expiratory valves are close to the 
tracheal tube and the overflow valve is placed 
immediately distal to the expiratory valve, FGU 
increases [1]. 

In a previous study [2], circle systems were 
tested for optimal removal of carbon dioxide 
using an artificial lung. A similar circle arrange- 
ment was found to be optimal but only during 
controlled ventilation. Thus FGU may be 
assessed approximately from knowledge of the 
system architecture. In most cases, however, 
FGU has to be measured, but so far there is no 
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agreement on how FGU should be defined and 
measured. A recent proposal for a standard test 
procedure established by the Comité Européen de 
Normalisation, the Draft European Standard 
“ Anaesthetic Workstations and Their Modules”, 
dated September 18, 1990 has been used in this 
study [3]. FGU was measured by adding carbon 
dioxide as a tracer to the fresh gas. This tracer gas 
was eliminated in a carbon dioxide absorber 
placed between the Y-piece and test lung. By 
measuring the remaining concentration of tracer 
gas in the gas leaving the overflow valve, FGU 
was determined. 

In this study FGU was measured in eight 
systems which are used commonly in Europe and 
which have different circle arrangements: the new 
Drager Cicero, the Dräger Sulla with circle 
system 8 ISO and ventilator Ventilog and the 
Drager AV1 (Driigerwerke AG, Lübeck, FRG); 
the Ohmeda Modulus II Plus (Ohmeda, West 
Yorkshire, England); the Gambro Engström Elsa 
(Gambro Engström AB, Bromma, Sweden); the 
Siemens Servo Ventilator 900D with circle 
system 985 and the Siemens Ventilator 710 
(Siemens-Elema AB, Solna, Sweden); and the 
Megamed 700A with circle system 219 (Megamed 
AG, Cham, Switzerland). The functional design 
of these circle systems is described in the 
Appendix. 


MATERIALS AND METHODS 


The experimental plan is depicted in figure 1. 
Fresh gas was supplied from a cylinder with a gas 
mixture of 95% oxygen and 5% carbon dioxide. 
Before each set of measurements, the inflowing 
concentration of carbon dioxide was measured 
“using an infra-red gas monitor (Capnomac, Datex, 
Helsinki, Finland). FGF was set at 1.0, 3.0, 6.0, 
8.0 ʻand 10.0 litre min™! using a flowmeter cali- 
brated for oxygen (Dragerwerke AG, Lübeck, 
FRG). The accuracy of this flowmeter was 
checked using a bell spirometer (Gould Godart 
Expirograph, Gould Medical B.V., Bilthoven, 
The Netherlands) and was found to be within+ 
10% of the actual reading at all flows. The carbon 
dioxide absorber in the circle system was filled 
with silica gel beads (Kieselgel 2-5 mm Art. 7735, 
E. Merck, Darmstadt, FRG) to remove humidity 
which could affect gas volume measurement. The 
resistances and effective gas spaces of a container 
with these silica gel beads and one with ordinary 
soda-lime (Dragersorb 800, Dragerwerke AG, 
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Lübeck, FRG) were measured and found to be 
comparable: at a dry air flow of 60 litre min`! 
through the container, the resulting pressure at 
the inlet port was 0.032 kPa both for soda-lime 
and silica gel beads. 

A second container filled with soda-lime 1 litre 
(Dragersorb 800) was placed between the Y~piece 
and the test lung. This absorber was tested and 
found to eliminate all carbon dioxide reaching the 
patient. The test lung was a Dräger LS 800 
(Dragerwerke AG, Lübeck, FRG) with a cuffed 
8.5-mm oral tube (Riisch AG, Waiblingen, FRG) 
with the following nominal settings: resistance 
0.4 kPa litre! s, compliance 0.6 litre kPa“, leak- 
age 0 litre s71. At the scavenging port a reservoir 
bag (2-litre for FGF 1.0 litre min, 5-litre for 
FGF 3 litre min“ and 15-litre for FGF 6, 8 and 
10 litre min~) was attached via a corrugated hose 
and filled with exhaust gas. This bag was mounted 
into a rigid container made from plastic material 
and allowed to fill without pressure. The container 
was gastight to the interior of the reservoir bag 
and to the environment. At a second port of the 
container the anaesthetic gas scavenging system 
(AGSS) was connected. This arrangement de- 





Fic. 1. Experimental plan to measure fresh gas utilization. 1 
= Cylinder with premixed gas; 2 = flowmeter for adjusting 
and measuring the FGF; 3 = measuring device for con- 
centration of carbon dioxide in the fresh gas; 4 = fresh gas 
inlet port; 5 = circle system in evaluation, with carbon dioxide 
absorber filled with silica gel beads; 6 = inspiratory uni- 
directional valve; 7 = breathing tube; 8 = Y-piece; 9 = test 
lung; 10 = carbon dioxide absorber; 11 = expiratory unidirec- 
tional valve; 12 = exhaust port; 13 = measuring device for 
concentration of carbon dioxide in the exhaust gas; 14= 
ventilator; 15 = switch-over valve in position “filling reservoir 
bag”; 16 = scavenging system; 17 = rigid container; 18 = 
reservoir bag. 
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coupled the breathing system from the AGSS, 
but allowed for pressure influences of the AGSS 
on the breathing system (by flow and pressure). 
From the reservoir bag, the well mixed gas was 
extracted and the mean concentration of carbon 
dioxide measured using the sideline infra-red gas 
monitor (Capnomac). 

The breathing system was connected to the Y- 
piece (DAR 600/5086) at the test lung with two 
breathing tubes (1.0 m in length) (DAR 280/5048, 
Darex S.P.A., Mirandola, Italy). The measured 
compliance of each of these tubes was 4.4 ml kPa“! 
(measured at a pressure of 2 kPa). 

All breathing systems were tested for leakage 
before measurements were made [4]. At each flow 
setting, measurements were started after a period 
of three time constants. A time constant was 
defined as the circle system volume divided by 
FGF. The volume of each system was measured 
including filled absorber, breathing tubes and Y- 
piece. For the volume measurement, the circuit 
was sealed completely and a known volume of gas 
was added. By measuring the increase in pressure, 
the circuit volume could be calculated. As the 
soda-lime absorber at the Y-piece became partly 
consumed during measurements, a small dead- 
space developed, its size depending on the 
duration of the measurements. Thus exactly the 
same time course of measurements was followed 
for all systems. To compensate for the deadspace, 
a system volume of 5 litre (which was greater than 
all the measured volumes) was assumed. For 
example, FGF 1 litre min required a waiting 
period of 15 min. To avoid further deadspace in 
the soda-lime at the Y-piece, fresh soda-lime was 
used for each change of fresh gas flows. All 
measurements were performed three times in 
succession with freshly filled carbon dioxide 
absorber at each of the five flow settings, resulting 
in a total of 15 measurements for each system. 

The ventilators were adjusted to the following 
settings: tidal volume 800 ml; ventilatory fre- 
quency 10 b.p.m.; 1:8 ratio 1:2; inspiratory flow 
at the least value necessary to achieve a tidal 
volume of 800 ml with the 1:£ ratio of 1:2; zero 
PEEP. 

As the tidal volumes of Drager 8 ISO, Ohmeda 
Modulus II Plus and Siemens Ventilator 710 
depend on the fresh gas flow, tidal volume was set 
using a pneumotachograph (accuracy+5%, 
Megamed 0577, Megamed AG, Cham, Switzer- 
land) before each measurement. During measure- 
ments the pneumotachograph was removed from 
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the circuit. The tidal volumes of the Drager 
Cicero, the Dräger AV1, the Gambro Engström 
Elsa, the Siemens Servo Ventilator and the 
Megamed 700A, which are FGF independent, 
were also measured with this device. A constant 
deadspace of 50 ml between the Y-piece and the 
soda-lime canister was maintained. 

FGU was calculated using the following equa- 
tion: 


F,4.—F, 


FGU = out x 100 % 


io 


where: FGU = fresh gas utilization (%); Fi, = 
carbon dioxide concentration measured at the 
fresh gas inlet (vol %); Foy. = carbon dioxide 
concentration measured in the reservoir bag (vol 
%). 
A FGU of 100% implies that all fresh gas 
reaches the patient. 

Because of the difficult working principles of 
the eight circle systems, it was necessary to 
choose different settings. In the systems in which 
the carbon dioxide absorber is placed either in the 
inspiratory or the expiratory limb (Dräger AV1 
and Gambro Engström Elsa) we placed the 
“dummy” absorber canister in the inspiratory 
limb. Adjustable pressure limit valves (APL 
valves) were closed totally or set to the greatest 
possible value. Only the exceptions in the adjust- 
ments or important details are mentioned under 
the different systems. 

Dräger Cicero: To set the inspiratory flow to the 
smallest value to achieve a tidal volume of 800 ml, 
the inspiratory pause was set to zero. Drdger 8 
ISO: The circle system 8 ISO has two inlet ports 
for fresh gas; both settings were measured. The 
inlet port between the ventilator port and the 
carbon dioxide absorber is recommended by the 
manufacturer. The other inlet port would be 
between the carbon dioxide absorber and the 
inspiratory unidirectional valve. The changeover 
valve (which is a switch at the exhaust port and is 
used mostly during manual ventilation) was set to 
the horizontal position. Dräger AV1: The stan- 
dard flowmeters of the ventilator, which are 
calibrated for a mixture of oxygen and nitrous 
oxide, were used. Ohmeda Modulus II Plus: The 
inspiratory flow and the I:E ratio cannot be 
adjusted independently. There is only one knob 
for setting the inspiratory flow to obtain the 
required 1:8 ratio. The inspiratory flow was thus 
set to obtain an inspiratory pause of 0%. Gambro 
Engström Elsa: This ventilator has an electron- 
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ically controlled fresh gas mixing system (elec- 
tronic mass flowmeter). The pump for the 
implemented anaesthetic agent monitor, which 
«continuously aspirates 200 litre min™!, was 
switched off. Siemens Servo Ventilator: The 
inspiratory flow cannot be adjusted separately. 
We set the inspiration time to 25 % of the time of 
one ventilatory cycle (this resulted in a more 
accurate 1:E ratio of 1:2 than when selecting the 
position marked with 33 %). The Serve Ventilator 
has its own fresh gas delivering system which adds 
fresh gas only during inspiration to the circle 
system. At FGF values greater than that of minute 
volume, the ventilator works as a semi-open 
system. Siemens Ventilator 710: The inspiratory 
-flow cannot be adjusted separately. We set the 
inspiration time to 33% of the time of one 
ventilatory cycle. Megamed 700A: The Megamed 
circle system has a manually adjustable overflow 
valve which can be set to three arbitrary positions. 
Depending on FGF, we chose a position which 
‘allowed the reservoir bag to become slightly filled; 
the tidal volume was then independent of FGF. 
Position 0.5 was selected for FGF 1 litre min“, 
position 1 for 3 litre min`! and position 2 for 6, 8 
and 10 litre min“. 


RESULTS 


The measured system volumes were: Drager 
Cicero 3600 ml, Drager 8 ISO 1800 ml, Drager 
AV1 1700 ml, Ohmeda Modulus II Plus 4900 ml, 
Gambro Engström Elsa 1800 ml, Siemens Servo 
Ventilator 2100 ml, Siemens Ventilator 710 
1700 ml and Megamed 700A 2300 ml. 

Figure 2 depicts FGU of the eight systems in 
relation to FGF. All systems were less efficient 
than-an ideal system, which would have an FGU of 
100 % for an FGF less than the ventilatory minute 
volume. For FGF values greater than that of the 
minute volume, the ideal FGU is the ratio of 
minute volume to FGF. In this consideration the 
system compliance is not taken into account. 
Table I lists the respective FGU at FGF 3 
litre min™!, which is a standard clinical setting. 
The Drager 8 ISO improved considerably when 
the fresh gas inlet was mounted after the soda- 
lime absorber (table II). 

FGU decreased rapidly in all systems when 
FGF greater than 3 litre min“ were used. Figure 
3 shows the FGU of the Dräger Cicero ventilator 
at different tidal volumes (400 ml, 800 ml and 
-1200 ml) and the same ventilatory frequency 
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FIG. 2. Fresh gas utilization (FGU) for the anaesthesia 

breathing systems as a function of fresh gas flow (FGF). O = 

Drager Cicero; © = Drager 8 ISO; A = Dräger AV1; V = 

Ohmeda Modulus II Plus; © = Gambro Engström Elsa; I 

= Siemens Servo Ventilator; @ = Siemens Ventilator 710; A 
= Megamed 700A; —— = ideal. 


TABLE I. Fresh gas utilization (FGU) at a fresh gas flow of 
3 litre min`! (mean (SEM)) 


Circle system FGU (%) 
Drager Cicero 93.4 (0.31) 
Drager 8 ISO 92.3 (0.26) 
Driger AV1 87.6 (0.33) 
Ohmeda Modulus II Plus 93.1 (0.50) 
Gambro Engström Elsa 97.8 (0.07) 
Siemens Servo Ventilator 96.1 (0,35) 
Siemens Ventilator 710 74.1 (0.62) 
Megamed 700A i 77.0 (0.56) 


TABLE II. Fresh gas utilization (FGU) in the Drager 8 ISO 
circle system with the gas inlet positioned before or after the 
soda-lime canister 











FGU (%) 

FGF Inlet Inlet 
ditre min~) before absorber after absorber 
1 98.7 100 
3 92.3 97.9 
6 76.0 84.9 
8 64.5 75.0 | 

10 53.3 57.7 





FGU (%) 





FGF (litre min71) 


Fic. 3. Fresh gas utilization (FGU) for the circle system 
Dräger “Cicero” at tidal volumes 400 ml (O), 800 ml (O) and 
1200 ml (A), and at a ventilatory frequency of 10 b.p.m. 


(10 b.p.m.). At each FGF, FGU increased when 
the minute volume increased, this effect becoming 
more evident at greater FGF. 


DISCUSSION 


At small FGF which would be used clinically in a 
low-flow anaesthesia technique, all systems ap- 
proached almost 100% FGU. At greater FGF 
there was a marked difference between the systems 
(fig. 2). 

The Siemens Servo Ventilator differs from all 
other circle system. The fresh gas is not flowing 
continuously, but only during inspiration into the 
circle system. Thus tidal volume is independent 
of FGF. For flows greater than minute volume, 
the ventilator bellow remains in its upper position 
and the ventilator works as a (semi-open) con- 
ventional Servo ventilator without recirculation 
of expired gases. For this reason, it is not possible 
to set the minute volume to 8 litre and provide a 
fresh gas flow of 10 litre min™. 

In an ideal system, all fresh gas would enter the 
circle during the expiratory phase and be directed 
to the patient during the phase of inspiration. In 
systems with a low FGU, such as Megamed and 
Siemens 710, the fresh gas inlet port is close to the 
exhaust port which allows fresh gas to escape 
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without reaching the patient. The Drager AV1 
would have a comparably small FGU if there was 
not a buffering chamber between the scavenging 
port and the fresh gas inlet (not shown in figure 4). 
In the Drager 8 ISO, fresh gas can escape only 
during mechanical ventilation through a valve 
near the bellows, which results in better FGU. In 
the Ohmeda IT Plus, the arrangement is similar 
but the absorber is placed between the fresh gas 
inlet port and the overflow valve in the ventilator 
and this improves FGU. In the Engström ELSA, 
the fresh gas inlet port is separated from the 
overfiow valve by the expiratory valve or in the 
inspiratory limb by the soda-lime absorber, both 
resulting in long pathways for the fresh gas and 
thus in high FGU values. The importance of 
separating the fresh gas inlet from the exhaust 
port is evident in the Drager 8 ISO: if the fresh 
gas inlet is mounted after the soda-lime canister 
(which is an option), FGU improves considerably. 
This position would also have the advantage that 
the volatile anaesthetic of the fresh gas is not 
absorbed by the soda-lime. The Cicero has many 
electronically controlled valves which should 
result in optimized FGU values; however, the 
performance of the system is slightly suboptimal 
because of the compact construction of the circle 
resulting in short pathways for the gases. 

The described standard proposal test procedure 
appears to be simple, but this investigation has 
shown that attention to detail is important. System 
arrangement, system leaks, inflowing concen- 
tration of carbon dioxide, compliance of the 
tubing, minute volume, soda-lime and the equi- 
libration period for each measurement are im- 
portant variables. The system arrangement may 
be important as it may affect resistance to gas flow. 
Gas leaks inevitably lead to inaccurately great 
FGU. For this reason, the standard requires a 
leakage smaller than 50 ml min“. All systems 
used in this study fulfilled this criterion as was 
shown in a separate study [4]. Another cause of 
gas loss is the carbon dioxide absorbed; thus the 
standard proposal prescribes a defined inflowing 
gas concentration of carbon dioxide 6 vol %; in 
this study, only 5% was available. Compliance of 
the tubing may influence FGU as well. When 
highly compliant tubes are used, part of the tidal 
volume is lost in tube expansion. According to the 
draft in this study, the same breathing tubes were 
used for all systems. Ventilation is a further 
important factor: the greater the minute volume, 
the greater is FGU. In this study, tidal volume 
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was measured because in some ventilators tidal 
volume depends on FGF. In the Cicero, AV1, 
Gambro Engström Elsa and Megamed, the tidal 
volume is independent of the amount of inflowing 
gas. This allows for constant tidal volumes despite 
changes in FGF. “Alveolar” ventilation may be 
reduced by deadspace which develops when part 
of the soda-lime is used up. In this study, soda- 
lime was changed before each measurement. For 
the same FGF, the same time constant had to be 
assumed for all systems, and thus it is assumed 
that the increasing deadspace in the soda-lime 
influenced the results to the same (small) extent 
for all systems. 

In an earlier publication, Eger and Ethans 
investigated the effects of system arrangement on 
the elimination of alveolar gas [2]. They found 
that the FGU of various circle arrangements 
varied greatly, depending on whether ventilation 
was spontaneous or controlled. Furthermore, an 
impact of the breathing pattern was important. 
These factors could not be tested in the present 
study. 


APPENDIX 
DESCRIPTION OF THE CIRCLE SYSTEMS 


(fig. 4) 


Drdger Cicero 


The tidal volume is independent of fresh gas inflow. During 
inspiration, valve 12 is closed and fresh gas is directed into the 
reservoir bag (6). The ventilator (8) consists of a horizontally 
positioned piston which is driven electromechanically. The 
overflow valve (9) is closed during inspiration. All valves 
(except the inspiratory valve (1) and expiratory valve (2), 
which are passive ceramic disc valves) are controlled electro- 
pneumatically. 


Dräger 8 ISO 


The tidal volume is dependent on fresh gas inflow. The 
ventilator (8) consists of a pneumatically controlled hanging 
bellows. The overflow valve (9) is placed at the ventilator 
Ventilog and is closed during inspiration. The mechanically 
adjustable PEEP-valve (7) is placed at the ventilator Ventilog. 
The valves (except inspiratory valve (1) and expiratory valve 
(2), which are passive ceramic disc valves) are controlled 
pneumatically. The exhaust port for mechanical ventilation is 
at the ventilator Ventilog. 


Dräger AV1 


The tidal volume is independent of fresh gas inflow. Valve 
12 and the PEEP valve (7) are built together. During 
inspiration, this unit is closed and fresh gas flow is directed 
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into the reservoir bag (6). The ventilator (8) consists of a 
pneumatically controlled hanging bellows. The overflow valve 
(9) is closed during inspiration. All valves (except inspiratory 
valve (1), expiratory valve (2) and both valves 13, which are 
passive ceramic disc valves) are electropneumatically con- 
trolled. Valve 13 between the ventilator (8) and the reservoir 
bag (6) is necessary to direct the gas to the patient during 
inspiration, Valve 13 between the reservoir bag (6) and the 
fresh gas inlet port (3) is necessary for manual ventilation with 
the reservoir bag. 


Ohmeda Modulus II Plus 


The tidal volume is dependent on fresh gas inflow. The 
ventilator (8) consists of a pneumatically controlled standing 
bellows. The overflow valve (9) is closed by the driving 
pressure of the bellow during the inspiration. PEEP cannot be 
set. The inspiratory valve (1) and expiratory valve (2) are 
passive disc valves. 


Gambro Engström Elsa 


The tidal volume is independent of fresh gas inflow. The 
ventilator (8) consists of a pneumatically controlled reservoir 
bag (bag-in-bottle principle). The inspiratory and expiratory 
flows are measured by differential pneumotachographs. The 
fresh gas is given continuously into the circle system. The 
inspiration lasts until the desired tidal volume (measured by 
the inspiratory flowmeter) has been delivered. All valves 
(except the inspiratory valve (1) and expiratory valve (2), 
which are passive rubber disc valves) are controlled electro- 
pneumatically. 


Stemens Servo Ventilator 


The tidal volume is independent of fresh gas inflow, 
provided minute volume is greater than FGF. The ventilator 
(8) consists of a pneumatically controlled standing bellows. 
The necessary amount of fresh gas is computed and delivered 
into the circle system only during inspiration. The bellows 
position is measured optically. The overflow valve (9) is closed 
during inspiration. The valves (except the inspiratory valve 
(1), which is a passive disc valve) are controlled electro- 
pneumatically. 


Siemens Ventilator 710 


The tidal volume is dependent on fresh gas inflow. The 
ventilator (8) consists of a pneumatically controlled reservoir 
bag (bag-in-bottle principle). Valve 12 and the PEEP valve (7) 
are built together. The overflow valve (9) is closed during 
inspiration. This circle system has two inspiratory and two 
expiratory valves, which is functionally not necessary. The 
valves (except inspiratory valve (1) and both valves 13, which 
are passive disc valves) are controlled electropneumatically. 


Megamed 700A 


The tidal volume is independent of fresh gas inflow. The 
inspiratory pressure closes the expiratory valve (2) pneu- 
matically during inspiration, otherwise the reservoir bag (6) 
would be ventilated. The passive unidirectional valve 13 is 
necessary to direct gas to the patient during inspiration. This 
valve is bypassed in the manual mode. The fresh gas flows 
continuously into the reservoir bag (6). The overflow valve (9) 
is adjustable manually. 
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Fic. 4. For legend see facing page. 
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Fic. 4. Simplified schematic diagram of the different circle 

systems. l = Inspiratory valve; 2 = expiratory valve; 3 = 

fresh gas inlet port; 4 = breathing tube; 5 = Y-piece; 6 = 

reservoir bag; 7 = PEEP valve; 8 = ventilator; 9 = overflow 

valve; 10 = carbon dioxide absorber; 11 = scavenging port; 
12 = valve; 13 = unidirectional valve. 
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CORRESPONDENCE 


INHALATION INDUCTION OF ANAESTHESIA WITH 
ISOFLURANE IN CHILDREN 


Sir,—The article concerning the incidence of respiratory 
complications and hypoxic episodes during inhalation in- 
duction with isoflurane in children [l], raises several 
interesting points. 

‘The authors compared the incidences of three respiratory 
complications: coughing, breath-holding and laryngospasm 
during induction of anaesthesia; unfortunately, these 
complications were not clearly defined. Were they severe 
enough to be clinically significant, and was intervention 
(100% oxygen, neuromuscular blocking drugs, tracheal in- 
tubation) required at any time? Clearly, all three may vary 
from mild to complete airway obstruction. 

Warde, Nagi and Raftery [1] also presented the results of 
minimum arterial oxygen saturation (minimum Spo,) during 
induction as incidence within the following ranges: < 71, 
71-80, 81-90 and 91-100 %. The majority of the children were 
within the uppermost range. Why were these ranges chosen; 
could the range 91-100% be further subdivided? Other 
investigators have used widely differing ranges: Sampaio and 
colleagues [2] used the ranges <95% and 95-100% for 
minimum Spo, to compare airway complications, and Phillips, 
Brimacombe and Simpson [3] used an uppermost range of 
> 85 % as part of a scoring system, but also presented the raw 
data for the minimum Spo, during induction. 

At what point does oxygen desaturation become clinically 
significant? Motoyama and Glazener [4] investigated hypoxia 
in a group of children after general anaesthesia: 43% 
developed an Spo, of < 91 % in the early postoperative period. 
These authors stated that (assuming a normal acid-base 
balance and haemoglobin—-oxygen affinity) an Spo, of < 91% 
corresponds to a Pao, of < 8.0 kPa, which is the value at which 
the hypoxic ventilatory response becomes evident in awake 
adult humans. Two children in their study developed an Spo, 
in the range 70-74 %. Neither developed cyanosis, bradycardia 
or increased ventilation; one child was “‘lightly snoring”, the 
other did not have any evidence of upper airway obstruction. 

Finally, which pulse oximeter was used during the study by 
Warde, Nagi and Raftery [1]? Two recent articles {5, 6] have 
reviewed potential errors in pulse oximetry. I would suggest 
that errors in measurement during an investigation might be 
sufficient to alter the incidences of minimum Spo, values 
recorded. 

Respiratory complications leading to “severe” obstruction 
result rapidly in oxygen desaturation in children, and pulse 
oximetry rightly has come to be regarded as essential 
monitoring during anaesthesia. The relationship between 
oxygen saturation and “‘minor” respiratory complications is 
less clear, and oximetry perhaps is less useful if it distracts the 
anaesthetist from assessing and managing the airway. Potential 
errors and significance of pulse oximetry during induction of 
anaesthesia must also be considered carefully both in clinical 
practice and in experimental study. 

I. H. Lewis 
Southampton 


REFERENCES 


1. Warde D, Nagi H, Raftery S. Respiratory complications 
and hypoxic episodes during inhalation induction with 
isoflurane in children. British Journal of Anaesthesia 1991; 
66: 327-330. 

2. Sampaio M, Crean P, Keilty S, Black G. Changes in 
oxygen saturation during inhalation induction of an- 
aesthesia in children. British Journal of Anaesthesia 1989; 
62: 199-201. 

3. Phillips A, Brimacombe J, Simpson D. Anaesthetic 
induction with isoflurane or halothane. Anaesthesia 1988; 
43: 927-929. 

4. Motoyama E, Glazener C. Hypoxemia after general 
anesthesia in children. Anesthesia and Analgesia 1986; 65: 
267-272. 

5, Ralston A, Webb R, Runciman W. Potential errors in 
pulse oximetry. I. Pulse oximeter evaluation. Anaesthesia 
1991; 46: 202-206. 

6. Webb R, Ralston A, Runciman W. Potential errors in 
pulse oximetry. II. Effects of changes in saturation and 
signal quality. Anaesthesia 1991; 46: 207-212. 


Sir,—Thank you for the opportunity of replying to the letter 
received from Dr Lewis. Respiratory complications described 
by us were defined as follows: coughing = any coughing 
whatsoever from commencement to completion of induction; 
breath-holding = periods of apnoea during induction 
exceeding 20 s approximately; laryngospasm = presence dur- 
ing inspiration of a typical “crowing” sound accompanied by 
the hallmarks of respiratory obstruction in the case of partial 
spasm, occasionally progressing to absence of sound ac- 
companied by the same clinical signs when spasm was complete 
(as defined by Patrick [1]). The clinical significance of each of 
these taken in isolation is not easy to establish. However, the 
fact that trough Spo, during induction was less in the 30 
children who developed one or more of these complications 
than in the 45 who did not, leads us to believe that they were 
important. Six children, all of whom had respiratory 
complications, required one or more interventions referred to 
by Dr Lewis. Three in group A (two with persistent coughing 
and one with laryngospasm) were given 100% oxygen, while 
three in group B (three of the four in this group who developed 
laryngospasm) required the same intervention. One of this 
latter trio underwent tracheal intubation without use of a 
neuromuscular blocking drug when Spo, decreased to 54%. 
No child in group C required any alteration to the planned 
induction technique. 

Regarding the Spo, ranges used, these were chosen in an 
attempt to reduce the risk of errors in measurement. We 
consider that to subdivide the range 91-100 % would increase 
the potential risk for such errors. The oximeter used in all 
cases was the Critikon Oxyshuttle. We have been happy with 
its performance for some 3 years and would point out that the 
trough Spo, readings obtained with it in group A children in 
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the present study were similar to those in group NI children in 
an earlier paper on isoflurane induction in children published 
by two of us [2]. 

We agree with Dr Lewis’s opinion that oximetry becomes 
less useful if it distracts the anaesthetist from assessing and 
managing the airway, but suggest that this is much less likely 
to occur if an induction technique with a low incidence of 
respiratory complications and consequent desaturations (such 
as that used in our group C children) is used. 
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UNEXPECTED, DIFFICULT LARYNGOSCOPY 


Sir,--Williams, Carli and Cormack [1] have misread the paper 
by Doré and myself [2], and have drawn some erroneous 
conclusions. In several places they maintain that the incidence 
of difficult laryngoscopy was 1 in 300 in our study, the 
incidence of grade 3 + 4 difficult laryngoscopy [3] was 1 in 292, 
that the anaesthetist failed to see the cords only once in 292 
patients, and that he had an incidence of grade 3 laryngoscopy 
of one in 292 patients. 

We reported on 19 patients “in whom tracheal intubation 
proved particularly difficult’, that is, those who had “more 
severe degrees of difficulty” at intubation, associated with 
difficulty at laryngoscopy “‘such that the anaesthetist could 
only see the epiglottis (sometimes not even that)”. Six of these 
patients had cervical arthritis, and the overall prevalence of 
this particularly difficult intubation was 0.5%. 

It is inappropriate to exclude patients with neck pathology 
when quoting the incidence of intubation difficulty. None of 
our 14 control patients had angle B (V21, our measurement of 
atlanto—occipital extension) less than 115°, while only three of 
our difficult intubation patients had a measurement of more 
than 115° for this angle. Wilson and colleagues [4] found that 
46% of their difficult laryngoscopy patients had a clinically 
appreciable reduction of atlanto—occipital extension. 

The Cormack and Lehane grading of difficult laryngoscopy 
had not been described when our study began, nor did we 
purport to include all those patients in whom the larynx could 
not be exposed at laryngoscopy. We did not count those 
patients whose difficulty of intubation was “inconsequential ”’, 
but adopted “the more stringent criteria”, “admitting only 
those patients with more severe degrees of difficulty”. Wilson 
and colleagues [4], and now Williams and colleagues [1], 
giving the same reason, both point out that the incidence of 
difficult tracheal intubation should be less than the incidence 
of difficult laryngoscopy. 

For these reasons, Williams and colleagues cannot take the 
results of our study to “obviate some of [their] reservations” 
that the “original estimate of Grade 3 frequency [at] 1 in 
2000...may be too low”. 
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Wilson and colleagues [4] found the incidence of Cormack 
and Lehane grade 3 (when laryngeal pressure was applied) was 
5.4% in a retrospective series (they suggest eagerness in 
reporting or a lower proportion of experienced anaesthetists), 
and 1.3% in a prospective series; their incidence of grade 4 
was 0.5% and 0.3% in the retrospective and prospective 
series, respectively. Of course the frequency with which these 
grades occurs varies from one group of 1000 patients to the 
next, but my unpublished experience leads me to support the 
figures reported by Wilson and colleagues. 


P. BELLHOUSE 
New South Wales 


REFERENCES 


1. Williams KN, Carli F, Cormack RS. Unexpected, difficult 
laryngoscopy; a prospective survey in routine general 
surgery. British Fournal of Anaesthesia 1991; 66: 38-44. 

2. Bellhouse CP, Doré C. Criteria for estimating the 
likelihood of difficulty of endotracheal intubation with the 
Macintosh laryngoscope. Anaesthesia and Intensive Care 
1988; 16: 329-337. 

3. Cormack RS, Lehane J. Difficult tracheal intubation in 
obstetrics. Anaesthesia 1984; 39: 1105-1111. 

4. Wilson ME, Spiegelhalter D, Robertson JA, Lesser P. 
Predicting difficult intubation. British Journal of An- 
aesthesia 1988; 61: 211-216. 


Sir.—May we comment briefly on the letter from Dr 
Bellhouse. 

Patients with neck pathology. These were excluded from our 
unexpected difficult intubation group because difficulty in 
such cases is not unexpected, or should not be. In our 1984 
study, we stated that if Caesarean section is to be carried out 
in a patient with neck pathology, such as in Still’s disease, a 
senior anaesthetist must be notified. Two years later, a 
Confidential Enquiry [1] reported a death in a severely arthritic 
patient—the registrar had carried out a standard failed 
intubation drill to the best of his ability, but fatal Mendelson’s 
syndrome occurred. Was he wise to start this case on his own? 

Patients without neck pathology. The study by Bellhouse and 
Doré [2], in which they claimed to be able to predict nearly all 
difficult inrubations is well known, and rightly so. Scurr 
remarked many years ago that an experienced anaesthetist may 
know when trouble is brewing, although he may be unable to 
state the reasons. Unfortunately, it has become clear that, for 
most of us, this is not true. Despite world-wide efforts to solve 
this problem, the results have been disappointing—for ex- 
ample, a recent survey [3], using both Mallampati’s sign and 
Wilson’s risk-sum method, found that 50% of the difficult 
cases were missed. Clearly, this strategy is not going to work 
unless the methods can be improved. 

Thus difficulty is easy to predict in arthritic patients and 
trouble can be forestalled; the problem cases are those which 
are difficult despite the absence of neck pathology. After 
subtracting the arthritic patients from the data of Dr Bellhouse, 
the incidence of unexpected difficulty is 0.3%, as we stated, 
not 1.3%. 

It is perhaps an academic question which of these figures is 
correct, as the main conclusion is the same from both, namely 
that junior anaesthetists will have had little or no experience in 
handling difficult intubations by the time they start doing 
“full-stomach” cases on their own. It follows that a training 
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drill which simulates the difficult case is needed. The incidence 
of failed intubation in obstetrics is quoted widely as 1 in 300; 
our current figure is 1 in 800, which suggests that the simple 
expedient of practising the Macintosh method may produce a 
valuable improvement. 

Maternal deaths associated with difficult intubation are 
bound to raise questions in court about the training of junior 
staff—those responsible for training could be subpoenaed. An 
Army commander who sent troops into action undrilled would 
have some difficult questions to answer! 

R. R. CORMACK 

F. CARLI 

K. N. WILLIAMS 
London 
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DESATURATION DURING TOTAL KNEE 
REPLACEMENT 


Sir,—Since publishing my previous work [l], I have 
encountered two cases of desaturation in patients, aged 67 and 
71 yr, undergoing total knee replacement under general an- 
aesthesia. 

Premedication consisted of papaveretum 10mg with 
hyoscine 0.2 mg. Anaesthesia was induced with thiopentone 
300 mg and tracheal intubation was facilitated by vecuronium 
6 mg. The lungs were ventilated mechanically and anaesthesia 
was maintained with 66% nitrous oxide and 1% enflurane in 
oxygen. Both patients were in the supine position. The arterial 
pressure, oxygen saturation and inspired oxygen concentration 
were monitored non-invasively (Cardiocap, Datex). The 
oximeter probe was positioned on the ear. Both patients were 
healthy and non-smokers, and both demonstrated a decrease in 
saturation, of 3% and 5% respectively, which occurred 1 min 
after insertion of cement for the femoral components. The 
episodes of desaturation lasted for 5 and 7 min, respectively, 
with no accompanying changes in arterial pressure or heart 
rate. There were no other episodes of desaturation during the 
procedures. Both patients had a tourniquet around the thigh at 
pressures of 175-200 mm Hg greater than the systolic arterial 
pressure. The prostheses used were of the short-stemmed 
Kinnamax variety. 

Desaturation during cemented total knee replacement has 
been reported [2]. It has been suggested that pulmonary 
changes were more common with use of the long-stemmed 
total knee prostheses than with the short-stemmed, because of 
the relatively large intramedullary cavities and the larger 
amount of cement required. It is possible that emboli (fat, 
cement, air or marrow) are forced into the systemic circulation 
through the intramedullary vessels as the cement sets—a 
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process that results in increased intramedullary pressures [3]. 
This may explain the occurrence of systemic emboli despite 
the use of tourniquets. . 

As it has been shown that use of an Fto, of 0.5 significantly 
reduces the incidence of desaturation in total hip replacement, 
the same recommendation should apply to total knee re- 
placement. 
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ATRACURIUM AND SUXAMETHONIUM 


Sir,—We read with great interest the paper by Donati and 
colleagues [1] in which the pharmacokirietic and 
pharmacodynamic components of the change in dose response 
to atracurium after previous exposure to suxamethonium 
were elegantly elucidated. The paper adds strong evidence 
of a significantly increased sensitivity of the neuromuscular 
junction to non-depolarizing neuromuscular blocking agents 
after previous exposure to suxamethonium. 

We would like to point out a small error (obviously a slip of 
the pen), which initially caused us some confusion. In the first 
paragraph of the introduction the sentence “A shift to the 
right of the dose-response curve to vecuronium [3] has been 
described with previous exposure to suxamethonium ” should 
read “A shift to the left... ”. 


N. J Fauvan 
S. A. FELDMAN 
London 
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Sir,—Thank you for the opportunity to respond to Drs Fauvel 
and Feldman, who should be congratulated for their careful 
reading of our report. They are, of course, correct in suggesting 
that we should have said “A shift to the left... ”. We hope they 
will accept our apologies for this unfortunate “slip of the 
pen...”. 


F. DONATI 
Montreal 


CORRESPONDENCE 


TRAINING IN FIBREOPTIC LARYNGOSCOPY 


Sir,—I read with interest the editorial on “Training in 
Fibreoptic Laryngoscopy ” [1]. I propose a solution to some of 
the ethical and practical problems which were outlined so 
thoroughly by Dr Vaughan. 

For the past year, we have conducted a joint diagnostic 
bronchoscopy list with physicians. Bronchoscopies are 
performed in the presence of a trainee anaesthetist, a senior 
anaesthetist familiar with fibreoptic techniques and a phys- 
ician. Two main techniques are used; both are performed 
through the mouth and under sedation after preparation of the 
airway with local anaesthetic spray and a cricothyroid 
puncture. The first “unaided” technique involves a standard 
oral intubation with the fibreoptic bronchoscope with sub- 
sequent “railroading ” of a tracheal tube into the trachea. The 
second “aided” technique involves the insertion of a Lar- 
yngeal Mask Airway with the patient awake, followed by 
fibreoptic bronchoscopy through that airway [2]. General 
anaesthesia and other techniques are used occasionally where 
indicated on clinical grounds. 

This list has advantages to all parties. For the patient the 
passage of a tracheal tube or laryngeal mask airway permits 
better oxygenation; the presence of the anaesthetist 
contributes to better immediate care, the physician gains 
exposure to airway management methods, and in difficult cases 
can concentrate on the procedure itself. The advantage to the 
trainee anaesthetist is that he can learn the basics of fibreoptic 
bronchoscopy and become familiar with a technique for awake 
intubation. In addition, the trainee gains exposure to patients 
with poor respiratory function and may learn something about 
bronchial anatomy. Finally, this list has allowed us to forge 
better relationships with our physician colleagues. 


J. BRIMACOMBE 
Queensland, Australia 
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Sir,—We read with interest the recent editorial by Dr R. S. 
Vaughan [1]. We also are interested in the reasons why British 
anaesthetists have been so slow in embracing the advances in 
fibreoptic technology, and we question his statement “the 
main reason for such delay [in embracing fibreoptic tech- 
nology] has probably been the cost of each specialized piece of 
equipment”. We have contacted the Chairmen of all Anaes- 
thetic Departments in the South West Thames Region, 
initially by letter, to ascertain what facilities and training 
programmes in fibreoptic intubation were available. All non- 
responders were contacted by telephone. The following 
questions were asked: 

(1) Does your department have access to a fibreoptic 
endoscope suitable for intubation purposes. If not why not? 

(2) Are there problems with the care and maintenance of the 
endoscope? 

(3) Is there a permanent member of staff in your department 
who is skilled at awake fibreoptic intubation? 

(4) Do you have a formal training programme for junior 
anaesthetic staff to become skilled in the use of the fibrescope? 
Does this include training on: (a) a mannekin; (b) ansesthe- 
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tized patients; (c) awake patients? 

Of the 14 hospitals in South West Thames through which 
anaesthetic juniors rotate, 11 possess a fibrescope designed 
specifically for intubation purposes. All hospitals without a 
purpose-designed scope stated that lack of funds was the reason 
they did not have one. No hospital reported problems with the 
care and maintenance of the equipment. All 11 positive 
responders reported that they had a permanent member of 
staff skilled in awake fibreoptic intubation. 

Despite the presence of suitable equipment in the majority 
of hospitals and a member of skilled staff, only five reported 
that they had established training programmes. In all five 
institutions, this included teaching in anaesthetized patients; 
three provided training in awake intubation, whilst two 
reported that they possessed a mannekin suitable for training 
purposes. Thus it appears that, in the majority of hospitals in 
the South West Thames Region, there is both the practical 
skill and the equipment available for fibreoptic intubation, but 
a paucity of formal teaching programmes. 

The ability safely to secure the airway is fundamental to the 
practice of anaesthesia. Fibreoptic intubation is an important 
additional skill to possess, particularly when one is faced with 
a “difficult airway ”. It has a high success rate compared with 
other techniques [2] and, more importantly, has a high degree 
of patient safety. All anaesthetic trainees should be proficient 
at awake fibreoptic intubation, as are their American counter- 
parts at the end of their much shorter (3-year) training 
programme. 


R. J. TELFORD 
P. R. RAWLE 
London 
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REPORTING OF DEATHS 


Sir,—The report of the tragic death of a 26-yr-old woman [1] 
prompts me to write to you with a suggestion. This death 
was not reported to the National Confidential Enquiry into 
Perioperative Deaths because of some local difficulties in the 
system which have resisted our attempts at solution. Never- 
theless, the management of this patient was exemplary and the 
report informative; it is unfortunate that the case is omitted 
from the central audit system. Adverse reactions to drugs 
should be reported in addition to the Committee on Safety of 
Medicines through the yellow card system. 

Editors of journals associated with our specialty might like 
to agree informally to encourage reporting by the simple 
expedient of asking authors of reports submitted for pub- 
lication to do so, perhaps in their notice or guide to 
contributors. 

J. Lunn 
Cardiff 
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ANTAGONISM OF BENZODIAZEPINE SEDATION WITH 
FLUMAZENIL 


Sir,—As a group of clinicians with considerable experience 
with the use of flumazenil during anaesthesia, day-case 
surgery, endoscopy and in the care of the critically ill, it was 
with concern that we read the paper by Sanders and colleagues 
[1]. The midazolam-flumazenil (agonist—antagonist) concept 
has been shown to be safe and cost effective [2-7] and is widely 
used in day-case surgery and endoscopy. The conclusions 
drawn by the authors about the usefulness of flumazenil are 
inappropriate and not supported by their data. 

The doses of agonists used in this study exceed those 
generally accepted and recommended as safe practice [8]. This 
may be reflected in the large number of patients who were 
unable to complete the tests. The translation of percentages to 
non-integer patient numbers in tables II and IV suggests that 
these patients have been excluded from analysis, introducing a 
serious bias. 

The use of atropine invalidates the vision-dependent tests 
used in this study. The concentration of flumazenil and the 
volume given to patients do not agree with the stated doses. 

No primary criterion of efficacy was defined in this study. 
There were multiple hypotheses tested, reflected by more than 
200 statistical tests being reported. Several statistically signif- 
icant results based on chance alone would be expected from so 
many comparisons. 

A stated aim of the study was to assess how easy it is to judge 
the correct dose of flumazenil. It is therefore surprising that 
the results of both concentrations of flumazenil are combined, 
making this aim unattainable. 

In the penultimate paragraph the authors state that patients 
benefit from sleeping. Since the authors could show little effect 
on sleeping, the conclusion must be doubtful. 

Although safety is mentioned in the conclusion, no measure 
of safety was included in the study. The subjective assessments 
cannot be regarded as spontaneous adverse reporting as the 
investigators imply. The introduction of flumazenil into the 
area of endoscopy and day-case surgery represents a major 
advance in patient safety. Providing patients are not overdosed 
with midazolam, early discharge is safe after antagonism with 
flumazenil if the patient is accompanied. 


R. McCioy G. PARK 
R. PEARSON Cambridge 
Manchester D. BELL 
J. WHITWAM Ipswich 
R. MILER E. GELLER 
London Tel Aviv 
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Sir,—The letter of Mr McCloy and colleagues has many 
points which we will consider in order. 

The doses of agonists administered were dictated by the 
clinical judgement of the endoscopist. The initial doses were 
0.07 mg kg! for midazolam and 0.15 mg kg™ for diazepam; 
this, however, failed to provide an adequate degree of sedation 
for the procedure, and supplementary doses had to be 
administered at the request of the endoscopist. The percentages 
given in tables II and IV were necessary because, for 15 
patients, this information was not recorded by the anaesthetist; 
percentages provided the minimally offensive way to compare 
between groups. 

There are misprints in the stated strengths of the antagonst; 
the full strength was 0.1 mg mi-', half stength 0.05 mg mi~. 
The figures given in table I for the total doses of flumazenil 
administered are correct. 

The audio task showed the same extent of impairment as the 
visual tasks, therefore there seems no reason to attribute the 
degree of impairment of the latter to atropine. 

In the psychometric results (table III) all the significant 
changes are consistent with a depression in performance and 
most of these have P values less than 0.01. There appears no 
reason to attribute such a result to a multiplicity of tests. As the 
results from the visual analogues were not as consistent, the 
very conservative Bonferroni adjustment was used as stated in 
the text (p. 450). 

It is obvious from the doses of the antagonist administered 
(table I), that it was not at all easy for the clinician to determine 
the correct dose. 

Of the 20 patients in the midazolam—placebo group, six 
could not be roused for the first test session, compared with 
one of the 40 patients who received midazolam—flumazenil (p. 
451). This demonstrates a significant effect of flumazenil on 
sleep (P = 0.008). 

At no point in the article is it implied that subjective 
assessments were equivalent to or the same as spontaneous 
adverse reporting. We quite expressly state that subjective 
effects were recorded on visual analogues (pp. 447, 450). 

Mr McCloy and his colleagues assert that the introduction 
of flumazenil represents a major advance in patient safety, with 
which we would agree, and that early discharge is safe if the 
patient is accompanied (our italics). This is the point: if the 
patient is accompanied, potential dangers from undetected 
impairment are much less likely. Our article demonstrates that 
these may exist after flumazenil. 


L. SANDERS 

M. Rosen 

P. Isaac 
Cardiff 
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CORRESPONDENCE 


PREDICTING DIFFICULT INTUBATION 


Sir,—Oates and colleagues [1] reported a useful study, 
comparing two published methods of predicting difficult 
intubation, and have added to the considerable recent literature 
encouraging preoperative attempts to predict difficult in- 
tubation as part of a routine to increase patient safety. 

‘The authors acknowledged how important it is to perform 
the Mallampati test [2] correctly and, because observer 4 was 
not doing this during the study, subtracted the results for this 
observer. This gave a sensitivity to the Mallampati test slightly 
better than that for the Wilson test [3] and specificity and 
positive predictive value (PPV) slightly less. 

After the authors removed the data of observer 4 from their 
results, nine difficult laryngoscopies (grades 4 and 5) remained. 
This makes it hard for the reader to obtain sensitivities of 
“0.40” and “0.50” in table II] for the Wilson and Mallampati 
methods. Presumably this should have been “4/9”, and 
“5/9 28, 

When I reviewed the data presented graphically in figure 3, 
and subtracted the observer 4 results, I obtained a lower 
proportion (about 11%) of patients for whom two observers 
disagreed over scoring when the Mallampati classification was 
used, than when the Wilson method was used (about 15%). 

Previous recommendations have been made that some head 
extension should be added to the Mallampati technique to 
improve its accuracy [4, 5], but it is interesting that the single 
Mallampati predictor gave results comparable to those with 
the five-point Wilson method, although the Wilson method 
required five examinations. Although the results were com- 
parable for the Mallampati method with apparently less 
observer variation (when observer 4 was correctly neglected), 
the authors preferred the Wilson method. It is significant 
however, that they declined to recommend it. 

The study would have been more valuable if the authors 
could have analysed their figures further, attempting to 
discover to what extent adding Mallampati’s examination 
improved the sensitivity, specificity and PPV of the Wilson 
classification. 

‘The authors repeated our emphasis [5] that it is important 
for the anaesthetist to try to predict difficult intubation when 
presented with a patient at risk of regurgitation. 


P. BELLHOUSE 
New South Wales 
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Sir,— Thank you for allowing us the opportunity to comment 
on Dr Bellhouse’s letter. 

The values for sensitivity, specificity and positive predictive 
value (PPV) for observers 1-3 in table III were derived from 
data from a total of 543 patients. Of these, 10 (mot nine, as 
stated in the text) were laryngoscopy grade 4 or 5, with five 
true positives for Mallampati and four true positives for the 
Wilson method. We thank Dr Bellhouse for drawing our 
attention to this error. The values in table III are correct. 

The percentages of patients assessed by two observers, 
excluding observer 4, where the observers disagreed over 
predicting easy or difficult laryngoscopy were 11.8 (95% 
CI 6.8-16.8) for Mallampati classification and 15.6 (95% 
CI 10.1-21.1) for Wilson risk sum. 

We did examine the effect of combining the Mallampati 
classification with the Wilson risk-sum, although this was not 
reported in our paper. Using the data for observers 1-3, we 
substituted Mallampati class for jaw movement in the Wilson 
risk-sum and took a modified risk-sum of 3 or more as a 
predictor of difficult laryngoscopy (to allow for the effect of the 
Mallampati class starting at 1). Complete data were available 
for 517 patients, of whom nine were graded difficult at 
laryngoscopy. Sensitivity, specificity and PPV were 0.44, 0.85 
and 4.9%, respectively. If the Wilson risk score for head and 
neck movement and Mallampati class were summed, for a 
modified risk-sum of 3 or more as a predictor, sensitivity, 
specificity and PPV were 0.44, 0.91 and 8.0%, respectively. 
We found, therefore, that combining Mallampati with Wilson 
produced no significant improvement in sensitivity or positive 
predictive value over the individual tests. 


DIPRIVAN INTENSIVE CARE SEDATION IN CHILDREN 


Sir,—We have received a number of reports of Diprivan 
(propofol) use in intensive care sedation of children, a use for 
which the product is not licensed or tested. Some of these 
reports have involved the occurrence of adverse neurological 
events during the recovery phase, ranging from minor 
twitching to convulsions and have also involved extra- 
pyramidal events such as choreo-athetosis. The majority of 
children were aged between 6 months and 3 yr and many were 
being sedated with Diprivan for acute respiratory tract 
infections. 

A common feature of all these cases is that the doses of 
Diprivan used (between 6 and 17 mg kg™! h`?) were far greater 
than those suggested for adults (1-4 mg kg™* h™?). Very often, 
accompanying analgesia was not used to avoid respiratory 
depression and this may have led to these excessive dose 
requirements. 

We are aware that some doctors may wish to use Diprivan in 
this patient group, but without further clinical data we cannot 
recommend or support this practice. 


ELAINE M. RODGERS 
Medical Adviser, ICI Pharmaceuticals 
Macclesfield 
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SYSTOLIC ARTERIAL PRESSURE AS A MONITOR OF 
DEPTH OF ANAESTHESIA 


Sir,—When Robb and colleagues [1] wrote: “The use of 
clinical signs (SAP in this case) to guide anaesthetic dosage... 
was the approach adopted by Suppan in his pioneering 
studies”, they gave the impression that Suppan [2] was the 
first anaesthetist to use arterial pressure as an indicator of 
adequacy of anaesthesia. However, when halothane was first 
introduced, several authors recommended using arterial press- 
ure as an index of depth of anaesthesia. I was taught during my 
residency that, during anaesthesia, the SAP should always be 
maintained within 20% of baseline. 

Maintaining the SAP within these limits throughout 
anaesthesia and injecting intermittent volumes of liquid 
enflurane in the expiratory limb of a closed system [3], we have 
observed that the accumulated volume of enflurance was, on 
average, only about 50% of predicted, whereas the use of 
halothane and isoflurane was found to agree with predicted 
volumes [4-8]. The reasons for these various deviations from 
Lowe’s theory [3] could not be detected in Brazil because there 
was no means of measuring end-tidal concentrations. 

In 1986 at the University of Wales College of Medicine, an 
exploratory study confirmed the Brazilian findings [9], and 
during the [Vth International Symposium of the Closed and 
Low Flow Anesthesia Society, Couto da Silva, Vickers and 
Mapleson showed a nomogram in which SAP correlated with 
the depth of anaesthesia. Therefore, the finding of Robb and 
colleagues [1] confirms that “ SAP may be major component of 
the clinical assessment of the anaesthetic state” [1] observed 
previously by other authors. 


J. M. Couro DA SILVA 
Brasilia, Brazil 
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Sir,—Thank you for the opportunity to comment on the 
interesting letter from Professor J. M. Couto da Silva. 

We feel that it is particularly important to see the comments 
in our paper in the context of closed loop automatic control of 
the anaesthetic process, and our comments about Suppan’s 
work were made in this context. Of course we do recognize that 
others have used arterial pressure as a method of assessing 
adequacy of anaesthesia, but not in closed loop control. 

Furthermore, the words in our paper were chosen carefully 
to reinforce the fact that SAP is only one part of the range of 
clinical signs observed regularly by anaesthetists, and that it 
should be seen in context. We agree that SAP carries 
considerable information about adequacy of anaesthesia within 
the confines of our work where, for example, there were no 
beta-blockers, antihypertensive drugs or major blood loss. 


A. J. ASBURY 
Glasgow 


PAIN ON I.V. INJECTION 


Sir,—We have read with interest the paper of Klement and 
Arndt [1] entitled “Pain on i.v. injection of some anaesthetic 
agents is evoked by the unphysiological osmolality or pH of 
their formulations.” However, this title is misleading, as the 
authors studied the intensity and time course of pain after 
injection of saline and glucose solutions of differing osmo- 
lalities (0-6 osmol kg!) or pH (2-13) and not the pain- 
inducing properties of i.v. anaesthetic agents. 

In their study, solutions with osmolalities greater than 
1 osmol kg™! and pH either less than 4 or greater than 11 were 
found to evoke pain after injecton into an isolated vein 
segment. It was observed also that pain intensity increased 
almost linearly with osmolalities of the test solution—starting 
at 3.0 osmol kg™ (pain threshold) and ending at 6.0 osmol kg"! 
(pain tolerance maximum). Based on the above observations, 
the authors postulate that the major pain stimulus is the 
osmolar concentration rather than the ionic strength of the 
solution. This is, however, difficult to reconcile with the fact 
that propofol in its currently-used soya bean emulsion 
formulation with an osmolality of 0.280 osmol kg~!, close to 
that of blood, and a pH of 8 [2] frequently causes more pain on 
injection [3-6] than thiopentone with a similar osmolality of 
0.215 osmol kg! and a pH of 11. Bretschneider [7], in a study 
quoted by Klement and Arndt, measured the osmolality of 65 
drugs used in anaesthesia, the majority of which (48 com- 
pounds) showed an osmolality between 0.113 and 1.0 osmol 
kg}. We feel that the choice of the extreme range of 
osmolalities (1.0-6.0 osmol kg-!) [1], together with the de- 
liberate avoidance of the dilution and buffering of the test 
solutions by blood, generated reproducible data which, 
however, bear little (if any) relevance to clinical practice. 

Klement and Arndt misquoted the work of Hynynen and 
colleagues [3] both in the introduction, associating thiopentone 
with painful injections (Hynynen’s group showed no evidence 
of pain after thiopentone), and in the discussion in connection 
with reduced evidence of pain after new formulations of 
diazepam and etomidate, although neither of these drugs was 
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studied by Hynynen and colleagues. Using their elegant 
experimental method of the isolated vein segment, Klement 
and Arndt could have studied the pain-inducing potential of 
various i.v. anaesthetic agents without the risk of these 
reaching the general circulation, thereby generating more 
useful and relevant information for the daily practice of 
ansesthesia. 


K. S. KxHUENL-BRADY 
U. WAIBEL 
Innsbruck 
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Sir,—It is pleasing that our publication has provoked some 
discussion, particularly as we can cope easily with any 
criticism : 

Our title would be misleading only if one were to ignore the 
pronoun “some”, which we chose deliberately to account for 
other alternatives. In fact, we were already aware of the 
exceptional properties of propofol and have demonstrated 
its analgesic action recently [1]. 
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That most of the drugs mentioned in the paper of 
Bretschneider [2] have osmolalities less than 1 osmol kg! is a 
spurious argument against osmolality as “principal pain 
stimulus” because most of these drugs do not evoke pain. In 
fact, some formulations of those which do evoke pain have 
osmolalities greater than 6 osmol kg~*—the greatest used in 
our injection experiments. It is mainly a matter of opinion, if 
our observations have “‘litde (if any) relevance to clinical 
practice”. In essence, we studied the basic pain-evoking 
stimuli of injectates, not of drugs. With regard to the clinical 
implications of our results, we refer to the last paragraph of our 
discussion. 

The reproach of having misquoted Hynynen and colleagues 
[3] is partially justified. The quotation in the introduction 
refers to barbiturates in general and to methoheritone in 
particular but, regrettably, we omitted to add Kawar and 
Dundee (ref. [4] in our paper) with regard to pain on injections 
of thiopentone. Admittedly, we misquoted Hynynen and 
colleagues in the discussion. 

We are flatrered by the phrase “elegant experimental 
method of the isolated vein segment”, and we agree that we 
could have studied the pain-inducing potential of clinically 
used i.v. anaesthetic agents. However, with the exception of 
propofol [1], the properties of the pharmaceutical formulations 
appeared to be more relevant as pain-evoking stimuli than the 
agents themselves. From a theoretical point of view, we tested 
and proved the hypothesis that unphysiological osmolality and 
PH per se may be responsible for pain on injection. Does it not 
still hold that “theory is the most practical thing conceivable” 
[4], stated also with regard to medical sciences just 100 years 
ago? 


W. KLEMENT 
J. O. ARNDT 
Dusseldorf 
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Trauma Anesthesia. Edited by J. K. Sterne and C. Grande. 
Published by Williams & Wilkins, Baltimore. Pp, 510; 
indexed; illustrated. Price £54.00. 


Trauma Anesthesia reflects the philosophies, experiences and 
practices of the John Hopkins University School of Medicine 
and the Maryland Institute for Emergency Medical Services. 
The book is edited by John Sterne and Christopher Grande 
(the latter is a significant contributor), both of whom have 
impeccable backgrounds from which to undertake this 
daunting task. 

The royalties and honoraria from participation in this book 
are to be donated to the International Trauma Anesthesia and 
Critical Care Society. This gesture in itself reveals the 
dedication and commitment of all concerned. How far has the 
state of the art developed since the publication of Care of the 
Trauma Patient from Dallas, edited by Tom Shires, Critical 
Care for Surgical Patients from Chicago, edited by John Beal 
and Textbook of Accident and Emergency Medicine from Belfast 
edited by William Rutherford—all classics in their time. 

A gentle and thought-provoking Foreword is provided by 
Peter Safar, whose many honours include Distinguished 
Service Professor of Resuscitation. This is, indeed, a fitting 
tribute to a man whose commitment to critical care, re- 
suscitation and trauma has been legendary for more than 50 
years. Safar indicates that the contribution of the anaesthetists 
in the primary management of trauma patients from the time 
of injury through the perioperative phase until discharge from 
the critical care faciliry has been recognized finally by the 
designation of Trauma Centres in the U.S.A. Moreover, he 
believes that the anaesthetist, because of his unique expertise, 
has a duty and obligation to be the instigator of life support. 
The Preface by the editors develops the concept of trauma 
anaesthesia as a sub-specialty of anaesthesia, The need for 
Board Certification and a Trauma Anesthesia Society is 
explored. Somewhat more contentious is the view that every 
anaesthetist who cares for trauma patients must have Advanced 
Trauma Life Support certification (A.T.L.S.). One wonders 
how the legal profession will react to this proposal. These 
themes are emphasized and refined continually throughout the 
book. They are of great importance in the U.K. as we try to 
develop a sharper focus in responses to the multi-factorial 
nature of trauma. Trauma Anesthesia sets out to enhance the 
role of the anaesthetist in a major way and describes how we 
can improve trauma care by understanding the patho- 
physiology of injury and by sharing the lessons learned from a 
large trauma facility in Maryland. 

There are 18 chapters devoted to trauma, all of which are 
relevant, well-written and informative. Each chapter com- 
mences with a list of contents for ease of reference and ends 
with a summary. The quality of the latter is not consistently 
good. Tables, illustrations and photographs are of a high 
standard. 

Space does now allow me to comment on individual 
chapters, except to say that the chapter on “The Pregnant 
Patient” is rather unique and reveals that 2.5% of trauma 


patients admitted to MIEMSS are pregnant. A chapter on 
“Occupational Hazards for Trauma Health Care Workers” is 
novel, but relevant. Apparently, between 13 and 16% of 
patients are HIV+, but hepatitis B poses a greater risk, and 
Rice and Cullen recommend that all health care workers 
should be vaccinated. The current interest in Clinical 
Information Systems is not neglected and the advice presented 
on Legal and Ethical Issues is also timely and welcome. 

The “bread and butter” topics, such as airway management, 
shock resuscitation, CNS trauma, blood component therapy 
and injuries to craniocervicalfacial complex are discussed 
comprehensively. I was pleased to see a separate chapter for 
paediatric patients, who are often neglected in trauma 
literature. A chapter on transport of the trauma patient, which 
follows conventional lines for patients outside hospital, 
highlights a similar need for high quality transport to be 
available within the hospital. 

I can recommend this book unreservedly to all involved in 
trauma care, even though it is directed principally at 
anaesthetists. Trauma anaesthesia has come a long way in the 
past 10 years. The book is good value at £54.00. 


D. L. Coppel 


Emergency Drug Therapy, 1st Edn. Edited by W. G. Barsan, 
M. S. Jastremski and S. A. Syverud. Published by W. B. 
Saunders & Co., Philadelphia. Pp. 655; indexed; 
illustrated. Price £44.00. 


The title of this book is possibly misleading, in that it might 
suggest another manual designed for the white coat pocket, but 
this is far from the case. Emergency Drug Therapy represents a 
long-awaited textbook on the pharmacological management of 
the critically ill patient. It contains 26 chapters from 30 
contributors who, in the main, work within the field of 
emergency and critical care medicine. By legitimately in- 
cluding crystalloids and colloids as drugs, the editors have 
been able to cover management of most conditions presenting 
in the critical care environment. 

The opening four chapters discuss pharmacokinetics and 
the changes that occur in the pregnant and the paediatric 
patient. The remaining chapters deal with specific drug 
groups—for example, antiarrhythmics and vasoactive drugs. 
Despite the many contributors, the book maintains consistency 
by applying the same format to each condition for which the 
drugs are indicated: diagnosis, indications for treatment, drug 
treatment outline and discussion. 

Inevitably, the transatlantic origins of the book lead to some 
interesting omissions and different emphasis; for example, 
amiodarone is not available and therefore not included in the 
chapter on antiarrhythmics nor enoximone under vasoactive 
drugs; fluid management of hypovolaemia is based on 
crystalloid resuscitation as the first line treatment. Never- 
theless, the majority of clinicians will find the treatments 
advocated to be rational and well presented. 


BOOK REVIEWS 


This book will provide a valuable source of reference for all 
examination candidates, particularly at Parts 1 and 3 of the 
F,C.Anaes. examinations, and will be a welcome addition to the 
library of the intensivist. 

G. W. Jones 


Handbook of Obstetric Anaesthesia. By A. S. Buchan and 
G. H. Sharwood-Smith. Published by W. B. Saunders, 
London. Pp. 115; indexed; illustrated. Price £9.95. 


This book is designed to reside in the pocket of the on-call 
trainee obstetric anaesthetist. It should replace neither study 
of standard obstetric anaesthetic textbooks nor adequate 
consultant supervision and availability. 

Most obstetric units will (or should) have their own obstetric 
anaesthetic booklet regularly updated. The inclusion of many 
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clear diagrams, flow charts for management, concise tables and 
a selection of up-to-date references suggests that this book is 
more than an in-house manual. However, background 
obstetric anaesthetic knowledge is required to interpret 
intelligently some of the advice—for example management of 
total spinal anaesthesia, or failed intubation drill—and apply 
it to a particular patient. Therefore the book will be of limited 
imterest to midwives and, perhaps, obstetricians. 

Some of our trainees felt that advice on “How to manage the 
patchy epidural” “How to extend an epidural quickly for 
operative delivery” was an important omission. 

Perhaps this book should be quickly read together with the 
in-house booklet, then returned to the shelf while the more 
major textbooks are studied. I suspect that the trainee at 04:00 
will consult the “‘large tomes” if these are readily available. If 
not, this book will serve its purpose and, costing only £9.95, 
probably should have a place in every unit. 

R. Macdonald 
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How do we describe our 
sophisticated new central 
nursing station? It’s simple. 





When we designed the successful 
new Athena Monitoring System 
we didn’t stop at the versatile, 
multi-screen Athena monitor 


Nor did we stop at our 
comprehensive range of cost- 
effective plug-in modules that 
monitor everything from Oxygen 
Saturation to Arrhythmias (all of 
which use our patented PAFE 
chip to build-in reliability and 
reduce costs) 


Instead, we went on to develop a 
completely new concept in 
central stations. 


Athena G 


moe E 
aao menpe: ae 
~ nan am 


The new Athena Central 
electronically ‘talks’ to any other 
equipment connected to the 
SAWLAN network. It can send 
and receive waveforms, digital 
information and alarm data. 


And then it displays it all in 
high-resolution colour. Logically 
and clearly 


However, the Athena Central 

may be sophisticated, but it's 

very easy to use. Its operation 
can be mastered in minutes 


Tracker-ball control puts simple, 
intuitive operation at your 
fingertips. A single click controls 
everything from the choice of 
trend display to the colour of the 
trace 


To find out how the new Athena 
Central can make your life simple 
ring your local S&W Vickers 
office on the number below 











32 Kerse Road, Stirling, FK7 7TA. Tel 0786 51602 Fax 0786 51603 


Ruxley Comer, Sidcup, Kent, DA14 5BL 


Tel 081-309 0433 Fax 081-309 0919 





4 Balmoral Business Park, Boucher Crescent, Belfast. Tel 0232 669266 Fax 0232 669223 
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Scope is space for unhampered motion, 
activity and thought; space offers 
overview and quietness. Space permits 
concentration on the essentials 


Cicero. 
The Anaesthesia 
Work Place. 


Cicero integrates all the components 
necessary for anaesthesia lo one 
functional unit. 

Space previously cluttered with devices, 
cables and hoses, is cleared. For better 
access lo the patient clarity and 
overview. 


Cicero provides an ergonomically 
optimized user interface, communi 
cative data management anda 
hierarchically structured alarm system 
Space previously required for the 
controlling and handling of a complex 
arrangement of stand-alone devices, is 
now free. For silence and composure 
allowing concentration on the patient. 


Cicero is designed for minimal flow as 
wellas high flow application. Cicero fits 
clinical requirements for pediatric and 
adult anaesthesia. Extra space is 
opened. For expanded fields of 
application and for improved patient 
care. 


Please contact us for further 
information. 

We will be pleased to help you. 
Not available for sale in the L.S. 


Drägerwerk Aktiengesellschalt 
Division Medical Systems 
Postfach 1339 - D-2400 Lübeck | 
Phone (451) 882-0 


Drager. 
Technology for life. 
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MAGILL LECTURE AND SYMPOSIUM 
NEUROMUSCULAR TRANSMISSION AND BLOCKING AGENTS 


London December 12, 1991 


This year’s Lecture, to be held at Charing Cross & Westminster Medical School, 
Horseferry Road, London, SW1, is entitled “ Does it matter which Relaxant?” and 
will be given by Professor R. D. Miller. 

The Symposium speakers include: 


Professor W. C. Bowman: *“Prejunctional block” 
Professor D. Colquhoun: “Channel block” 


Professor S. Feldman: “Postjunctional block” 
Dr N. Fauvel: “Phase II block” 
Professor S. Agoston: “ Amino steroids” 
Professor J. J. Savarese: “ Benzoisoquinoliums ” 


A place may be reserved on this course by application to the Secretary, Magill 
Department of Anaesthesia, Westminster Hospital, Page Street Wing, London 
SW1P 2AP or by telephone 081 746 8025 or Fax No. 081 746 8801. 


Entry is without charge. 
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as the premier organ of the spe- 
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cialtyin Britain, itpublishes pa- 


pers from throughout Europe and 

from an increasingly wide circle of inter- 
national contributors. The Journal is almed 
at both the practising clinician and the 
clinical scientist and the core content con- 
sists of reports of original work in obstet- 
rics and gynaecology and related subjects 


Subscription Information 
British Journal of Obstetrics and 
Gynaecology is published 
monthly. Subscription rates for 1991 
are £80.00 (UK), £88.50 (overseas) and 
US$162.00 (USA & Canada) post free. 
Members and Fellows of the Royal Col- 
lege of Obstetricians and Gynaecologists 
are entitled to subscribe at the special 
price of £60.00 or US$99.50 


Please tick the appropriate box and return to the address below: 
[] I would like to subscribe to British Journal of Obstetrics and Gynaecology 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
66TH CONGRESS 


San Francisco March 13-17, 1992 


For information: Executive Director 
International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, Ohio 44131, U.S.A. 
Tel.: (216) 642-1124 


GUIDE TO CONTRIBUTORS 


The purpose of British Fournal of Anaesthesia is 
the publication of original work in all branches of 
anaesthesia, including the application of basic 
sciences. One issue each year deals mainly with 
material of postgraduate educational value. 


PAPERS 


Papers submitted must not have been published 
in whole or in part in any other journal, and are 
subject to editorial revision. It is a condition of 
acceptance for publication that copyright becomes 
vested in the Journal and permission to republish 
must be obtained from the Editor. 

Papers based on clinical investigation should 
conform to ethical standards as set out in the 
Declaration of Helsinki and should normally 
include a statement of approval from an appro- 
priate Ethics Committee. In the case of animal 
studies it is the responsibility of the author to 
satisfy the Board that no unnecessary suffering 
has been inflicted. Studies from the U.K. should 
specify the Home Office Licence number; from 
elsewhere, a statement of approval from an 
appropriate Licensing Authority. 


LEGAL CONSIDERATIONS 


Authors should avoid the use of names, initials 
and hospital numbers which might lead to 
recognition of a patient. A patient must not be 
recognizable in photographs unless written con- 
sent of the subject has been obtained. A table or 
illustration that has been published elsewhere 
should be accompanied by a statement that 
permission for reproduction has been obtained 
from the author and publishers. 


PREPARATION OF MANUSCRIPT 


Three copies of each manuscript (including 
revised texts) should be submitted and should 
indicate the title of the paper, the name(s), 
qualifications and full address(es) of the author(s), 
and be in letter quality heavy type (not dot 
matrix), double-spaced on one side only of the 
paper, with a wide margin. Contributors should 
retain a copy in order to check proofs and in case 
of loss. 

Each of the three copies submitted must be 
accompanied by a complete set of figures. One set 
of figures must be unmounted glossy prints (see 
below); the two other sets may be photocopies. 


Manuscripts should be accompanied by a 
formal letter of request for publication which 
should be signed by all the authors. 

Papers in recent issues of British Journal of 
Anaesthesia should be consulted for general and 
detailed presentation. They are most often sub- 
divided into; Title page 

S 


Introduction (not headed) 
Methods 

Results 

Discussion 
Acknowledgements 

List of references 

Tables 

Illustrations 


Title page 

There should be a separate title page, including 
the name(s), degrees and address(es) of author(s). 
It should be made clear which address relates to 
which author. Authors’ present addresses dif- 
fering from those at which the work was carried 
out, or special instructions concerning the address 
for correspondence, should be given as a footnote 
on the title page and referenced at the appropriate 
place in the author list by superscript symbols. If 
the address to which proofs should be sent is not 
that of the first-mentioned author, clear instruc- 
tions should be given in a covering note and 
not on the title page. The title page should be 
paginated.as page 1 of the paper. 

A short running title containing not more than 
50 characters and spaces should be included. 


Summary 


The summary will be printed at the beginning 
of the paper. It should be on a separate sheet, in 
the form of a single paragraph which gives @ 
succinct account of the problem, the methods, 
results and conclusions, and normally should be 
of 50-150 words. It may be used as it stands by 
abstracting journals. 

Three to five key words or phrases (for 
indexing) should be included below the summary. 


Introduction 


The introduction should give a concise account 
of the background of the problem and the object 
of the investigation. Previous work should be 
quoted only if it has a direct bearing on the 
present problem. 


Coupled to Capnomac™ 
Ultima, this patented D-lite™ 
another “first” from 
has revolutionized air- 


sensor 
Datex 
way gas monitoring in routine 
anaesthesia. Simple in concept, 
it provides the anaesthetist 
with all the vital parameters 
he needs to monitor the pa- 
tient’s ventilatory functions 
during the operation. Breath 
by breath, and at the patient's 
airway -where it really counts. 

D-lite is just the latest in 
a long line of easy-to-use, stan- 
dard-setting innovations de- 
veloped by Datex, the world’s 
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toremost produc er of airway 
gas monitors. 

Twenty vears ago we in- 
troduced the world’s first com- 
pact capnometer, which 
brought routine monitoring of 
CO, within reach of all opera- 
ting theatres. 
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Normac the first Ana 
esthetic Agents Monitor for 
routine clinical use ... Ultrafast 
Paramagnetic O, Sensor Tech- 
nology, 
of Patient Oxygen ... Multigas 
Monitoring Side Stream 
Spirometry ... and now Sevo- 
flurane and Desflurane Moni 
toring 

These, too, have one thing 


allowing monitoring 


in common. All mark major 
steps forward in the develop 
mentofairway gas monitoring 
And allare “firsts” from Datex 

Let Datex put your pa- 


tients first — and foremost 
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Methods 


Methods must be described in sufficient detail 
to allow the investigation to be interpreted and 
repeated by the reader. Any modification of 
previously published methods should be de- 
scribed and the reference given. If the methods are 
commonly used, only a reference to the original 
source is required. 


Drugs 
When a drug is first mentioned it should be 
given the generic or official name, followed in 
. parentheses by the chemical formula only if the 
structure is not well known, and by the capitalized 
proprietary name. . 


Results 

Description of results, while concise, should 
permit. repetition of the investigation by others. 
Data should not be repeated unnecessarily in text, 
tables and figures, and unwarranted numbers of 
digits should be avoided. Significance should be 
given as values of probability. The desired 
positions of tables and figures may be indicated by 
written instructions enclosed within lines and 
brackets, for example: 


(TABLE III near here) 


Discussion 

The discussion should not merely recapitulate 
the results, but should present their interpretation 
against the background of existing knowledge. It 
should include a statement of any assumptions on 
which conclusions are based. 


Acknowledgements 


_ Acknowledgements will be printed in small 
type. They should be brief, and should include 
reference to sources of support and sources of 
drugs not freely available commercially. 


References 


There should be a table of references at the 
conclusion of the paper, commencing on a new 
sheet. 

References must be numbered consecutively in 
the order in which they are first mentioned in the 
text, with the exception of review articles, when 
references should be arranged alphabetically. 
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References in text, tables and legends should be 
identified by arabic numbers appearing in the text 
in square brackets. 

Use the style of references adopted by the U.S. 
National Library of Medicine and used in Index 
Medicus. The titles of journals must be given in 
full. 

The names and initials of all authors should be 
listed. 

Text references to ‘‘unpublished observations ” 

r “personal communications” should not be 
included in the final list of references. Authors are 
responsible for verifying that the wording of 
references to unpublished work is approved by 
‘the persons concerned. Papers which have been 
submitted and accepted for publication should be 
included in the list, the phrase “in press” 
replacing volume and page number. Information 
from manuscripts submitted but not yet accepted 
should be cited in the text as unpublished 
observations, 

Examples of correct forms of references: 


Journals (list all authors): 


1. Brown BR jr, Gandolphi AJ. Adverse effects of volatile 
anaesthetics. British Journal of Anaesthesia 1987; 59: 
14-23. 


Chapter in a Book: 


2. Hull CJ. Opioid infusions for the management of post- 
operative pain. In: Smith G, Covino BG, eds. Acute Pain. 
London: Butterworths, 1985: 155-179. 


Monographs: 


3. Moore, DC. Regional Block, 4th edn. Springfield, Illinois : 
Charles C Thomas, 1979. 


Restrict references to those that have direct 
bearing on the work described and cite only 
references to books and articles published in 
Index Medicus journals. 

It is esséntial that authors verify the content 
and detail of references which they list against the 
original articles, as this responsibility cannot be 
accepted by either Editors or publishers. 


Tables 


All tables should be on separate sheets and be 
capable, with their captions, of interpretation 
without reference to the text. They should be 
numbered consecutively with Roman numerals. 
Units in which results are expressed should be 
given in brackets at the top of each column, and 
not repeated on each line of the table. Ditto signs 
are not used. Footnotes are not used. : 


ZN 
OREGON 
HEALTH SCIENCES UNIVERSITY 


Department of Anesthesiology at the Oregon Health 
Sciences University is recruiting for faculty members at the 
Assistant Professor level. Specialized training beyond CATI 
or CAIII year or equivalent experience are required. 
Specific need exists for a faculty member interested in 
generalized medicine. Research interest and background 
are desirable. Candidates must be eligible for Oregon 
Medical License. Please send C.V. and names of three (3) 
references to Wendell C. Stevens, M.D., Department of 
Anesthesiology, 3181 S.W. Sam Jackson Park Road, 
Portland, Oregon 97201. The Oregon Health Sciences 
University is an equal opportunity/affirmative action 
employer. 


Department of Anesthesiology at the Oregon Health 
Sciences University is recruiting a full time faculty member 
at the Assistant Professor level. Specialized training 
beyond CAII or CAII year or equivalent experience are 
required.. Specific need exists for a faculty member 
` interested in intensive care. Research experience and 
background are desirable. Candidates must be eligible for 
| Oregon Medical License. Please send C.V. and names of 
three (3) references to Wendell C. Stevens, M.D., 
Department of Anesthesiology, 3181 S.W. Sam Jackson 
Park Road, Portland, Oregon 97201. The Oregon Health 
Sciences University is an equal opportunity/affirmative 
action employer. 
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Illustrations 


Photographs should be unmounted glossy 
prints, and should be protected adequately for 
mailing. Surfaces should not be marred with 
clips, pins or by heavy writing on the back. 
Drawings, charts and graphs should be in black 
india ink on white paper and, if in sets, should be 
presented at a uniform magnification. Illustrations 
should be clearly numbered on the back, pref- 
erably in soft pencil, with reference to the text, 
and using Arabic numerals. They should be 
accompanied on a separate sheet by a suitable 
legend. Lettering should be professional-looking, 
uniform, preferably in a common typeface, large 
enough to read at a reduced size, and in proportion 
to the illustrated material. Lines in the original 
must also be thick enough to allow for reduction. 
Magnifications, especially in photomicrographs, 
should be indicated by a scale on the photograph 
itself, in order to remain appropriate after re- 
duction. Symbols which are to appear in the 
legend should be chosen from the following 
available types: 


e ONIY VAAS ODO X + 


The name of the author and title of the paper 
should also be written in soft pencil on the back of 
the illustrations. 

It is emphasized that care taken in the original 
preparation of figures will obviate the time- 
consuming and expensive necessity of their re- 
vision. 

It should be noted that A4-size figures gen- 
erated by computer are usually unacceptable (see 
Extended Guide to Contributors— British Journal 
of Anaesthesia 1990; 64: 129-136). 


General information 

Instructions to the printer. Words to be printed 
in lower-case italics should be indicated by one 
underline. Two underlines indicate small capi- 
tals, three indicate large capitals and four, italic 
capitals. A wavy underline indicates a word to be 
printed in bold type. 

Headings in the text. Six possible grades are 
available, and may be indicated by the following 
letters of identification: 


PART 1 
RESULTS 


> 


(capitals) 
B (small capitals) 
C Blood-Gas Analysis (l.c. roman) 
D The Action of Drugs (italics, centre) 
E Lung function studies (italics, full out) 
F Volume. Large volumes... (italics, indent) 
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Symbols and Abbreviations. In accordance with 
Editorial adoption of SI Units, abbreviations and 
symbols should follow the conventions described 
in the booklet Umits, Symbols and Abbreviations. A 
Guide for Biological and Medical Editors and 
Authors (ed. D. N. Baron) (1988), published by 
and available from The Royal Society of 
Medicine, 1 Wimpole Street, London, W1M 8AE. 
Words for which abbreviations are not included 
should be written in full at first mention in the 
summary and again in the text and followed by the 
abbreviation in brackets. This will usually be in 
the form of large capitals without separating 
points. 

Spelling, etc. British spelling should be used 
with “z” rather than “s” spelling in, e.g. 
organize, organization. 


SHORT, RAPID COMMUNICATIONS 


Authors are encouraged to submit short manu- 
scripts suitable for rapid publication. In general, 
these should conform to the requirements out- 
lined above, but with the following differences: 

Format. Summary ; Introduction (not headed); 
Methods and Results; Comment. 

Size. Not more than: 6 references, 1 table or 
1 figure, one-and-a-half pages of printed text 
(1200 words). 


CORRESPONDENCE 


It is proposed that a proportion of the Journal be 
devoted to correspondence each month. Every 
effort will be made to ensure that correspondence 
arising from papers in a recent issue is published 
without delay, and for this reason, relevant 
correspondence will be given priority over that 
pertaining to original research. Authors of cor- 
respondence concerning original work will receive 
proofs at the Editor’s discretion. 


PROOFS 


These should be corrected and returned to the 
technical editor within 48 hours of receipt. Overseas 
contributors should return their proofs by air- 
mail. 


REPRINTS 


Twenty-five reprints of articles will be dispatched 
to the authors after publication. Further reprints 
can be supplied if application is made on the order 
form attached to the proofs. The order form 
should be returned with the proofs. 


Whistler Winter Anaesthesia 


Refresher Course & Review 
1992 


STATE OF KUWAIT 
MINISTRY OF PUBLIC HEALTH 


Consultants and Senior Registrars in Anaesthesia 


The Ministry of Health in Kuwait invites applications for the 
above posts as follows: 


March 7-13, 1992 
Whistler, British Columbia, Canada 


¥ Fees Consultants: 
Poster presentations are invited. 


Candidates with an FFARCS, ECANAES, PH.D.. American 
Board of Equivalent should have six years of Experience 
after obtaining the specialisation degree and at least ten 


For information: ) . 
years experience after graduation plus a number of 
publications. 


Whistler Winter Anaesthesia Meeting, 
Dr. John P. Cain, 


Department of Anaesthesia, GW 2-502, 


Senior Registrars: 
Candidates with any of the above degrees should have three 
years experience after obtaining the specialisation degree. 


Salary and other benefits: 


Toronto General Hospital, Depend on Curriculum Vitae. 


200 Elizabeth Street, Toronto, Ontario, 
Canada, M5G 2C4 
Telephone: (416) 340-3242 
Fax: (416) 340-3698 


Please send detailed Curriculum Vitae with copies of 
supporting documents to the following address: 

Dr. Tareq E Alabduljader 

Under Secretary 

Ministry of Public Health 

PO. Box 5 

13001 Kuwait 











For your copy of the CONFIDENCE 


INTERVAL 
ANALYSIS (CIA) 





In version 1.0 of this computer program 
an error has been discovered in the 
calculation of Spearman’s rank correlation 
coefficient and its confidence interval. It 
is hoped that no major misinterpretation 
of data has resulted. The problem has 
been corrected in version 1.1 of the 
; program which is now available. Any 
Book Catalogue purchaser of version 1.0 who returns 
their disk to us at the address below 
will have it replaced by version 14.1, 
free of charge. 

















write now to 
BMJ Books Marketing 


Books Marketing Department, {attn. Phil D’Cunha}, | 
British Medical Journal, BMA House, BMA House, Tavistock Square, | 
Tavistock Square, London WC1H 9JR. London WC1H QJR. | 
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12TH INTERNATIONAL SYMPOSIUM ON INTENSIVE CARE 
AND EMERGENCY MEDICINE 


Brussels 23-27 March, 1992 


For information: Mrs S. Smitz-de-Smet, 
Symposium Manager, 
Department of Intensive Care, 
Erasme University Hospital, 
Route de Lennik 808, 
B-1070 Bruxelles, Belgium. 
Tel. : 32/2/526 33 80 
Fax.: 32/2/526 45 55 
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TOPICS IN ANAESTHESIA 
Bali April 1-4, 1992 


Main topics: Regional anaesthesia; haemodynamics; pain relief. 


For information: Institute of Anaesthesiology, 
University Hospital Nijmegen, 
P.O. Box 9101 6500 HB Nijmegen, 
The Netherlands. 
Tel.: 080-614553 
Fax.: 080-540524 


OREGON 
HEALTH SCIENCES UNIVERSITY 


Oregon Health Sciences University, Department of Anesthes- 
iology, is recruiting for faculty members at the Assistant 
Professor level. Specialized training beyond CATI or CAMI 
year or equivalent experience are required. Specific need 
exists for a faculty member interested in neuro anesthesia. 
Research interest and background are desirable. Candidates 
must be eligible for Oregon Medical License. Please send 
C.V. and names of three (3) references to Wendell C. 
Stevens, M.D., Department of Anesthesiology, 3181 S.W. 
Sam Jackson Park Road, Portland, Oregon 97201. The 
Oregon Health Sciences University is an equal opportunity/ 
affirmative action employer. 


The Oregon Health Sciences University, Department of 
Anesthesiology, currently has vacancies for two additional 
faculty interested in cardiac anesthesia. One position will be 
to head the cardiac anesthetic group and applicants should 
be at the Associate Professor rank, have extensive cardiac 
experience, as well as significant research experience. The 
second position will be at the Assistant/ Associate Professor 
rank, should have cardiac experience or a fellowship in 
cardiac anesthesia. Research experience would be an 
advantage. The successful candidates would need to be board 
certified/eligible, as well as eligible for an unrestricted 
Oregon license. Please send C.V. and names of three (3) 
references to Wendell C. Stevens, M.D., Department of 
Anesthesiology, 3181 S.W. Sam Jackson Park Road, Portland, 
Oregon 97201. The Oregon Health Sciences University is an 
equal opportunity/affirmative action employer. 
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beats them all 


Can you afford to waste time 
calibrating and setting up your 
monitor, when your first priority 
is vour patient? 

Datex has proven that anaesthe- 
sia monitors can be highly ver- 
satile and easy to use, without 
being complicated or slow to start 
up 

Datex cardiac and gas moni- 
tors are up and running, the mo- 
ment you turn them on. Automat- 
ic screen setup and autosensing 
of the patient get you up and 
running. Instantly. 

No adjustments. No calibra- 
tions. No lengthy warmup. 

Yet packed with advanced 
technical features to allow you to 
customize your settings for your 
specific needs, and your patient's. 


DELLS 


safe anaesthesia care 
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XXVITH CONGRESS OF THE TURKISH SOCIETY OF ANESTHESIOLOGY 
AND REANIMATION 


Istanbul June 20-23, 1992 


Main topics: Cardiovascular anaesthesia; paediatric anaesthesia; neuroanaes- 
thesia; regional anaesthesia; general anaesthesia; anaesthesia 
for transplant surgery; intensive care setting; problem patients. 


For information: Prof. Dr B. Aykac, 
s Anesteziyoloji Anabilim.D., 
Medical Faculty of Cerrahpasa, 
34303 Istanbul, Türkiye. 
Tel.: 1-586 15 53 
Fax.: 1-529 56 00 
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STH INTERNATIONAL CONGRESS OF THE PAIN CLINIC 
Jerusalem, Israel September 13-18, 1992 


For information: 5th International Congress, 
The Pain Clinic, 
P.O. Box 50006 
61500 Tel Aviv 
Israel. 


Tel.: 972 3 654571 
Fax.: 972 3 655674 
Telex: 341171 KENS IL 





BRITISH JOURNAL OF ANAESTHESIA 





FIRST INTERNATIONAL SYMPOSIUM ON BRAIN DEATH 
Havana, Cuba September 22-25, 1992 


The Symposium will be of interest to medical practitioners, and to lawyers, 
theologians and philosophers. 


For information: Prof. Dr Calixto Machado 
First International Symposium on Brain Death 
Instituto de Neurologia y Neurocirugia 
29 y D, Velado, Habana 4 
Ciudad de La Habana 10400 
Cuba. Apartado Postal 4268 


Tel. : 327825 
Telex: 5511609 Palco Cu 
Fax. : 228382 





PRESSURE _ 
MEASUREMENT VIDEO AND BOOKLET 


Produced by the British Hypertension Society, this two part 
training video first outlines the points to check in i 
equipment and then provides step by step guidance on the correct 
procedure for blood pressure measurement. The second part 
displays a sequence of falling mercury sphygmomanometer 
columns with simultaneous Korotkoff sounds. Observers are 
asked to make recordings from these and can check their findings 
against those of a group of experienced observers. Also supplied 
with the video is a copy of the second edition of Blood 

Pressure Measurement, by J C Petrie, E T O’Brien, W A Littler, 
M de Swiet, P L Padfield and M J Dillon, which summarises the 
main points for easy reference. 


Price: Inland and abroad £24.95 (including VAT in the UK and air mail 
despatch abroad) 


Copies of the second edition of Blood Pressure Measurement, are 
available separately price-inland £1.25; abroad £2.25. 


Please enclose payment with order or send us full details of your VISA, 
MASTERCARD or AMERICAN EXPRESS credit card. 


Available from BRITISH MEDICAL JOURNAL, PO Box 295, London 
WCI1H 9TE, any leading medical bookseller or BMJ/BMA bookshop in 
BMA House. 


“This book is a beauty! 
AIDS AND I found it interesting and it answered many questions I 


TH N had on the respiratory consequences of AIDS—plus many 
E LU G I wouldn’t have even thought of. This book has great value 
Eoi ECT for all practitioners (from medical students to specialists) 
who deal with AIDS and the lung.” 
The Medical Journal of Australia 


In AIDS and the lung experts review the problems, 
emphasising practical points and providing up to date 
: information on this rapidly changing subject. Edited by 
David Mitchell, consultant physician in respiratory 
Beare PAES medicine, St Mary’s Hospital, London, and Ashley 
JF RESPIRATORY F; Woodcock, consultant chest physician, Wythenshawe 
PREVENTION OF LU Hospital, Manchester, AIDS and the hang is an indispensable 
handbook for respiratory physicians, especially those with 
limited experience of dealing with AIDS —and for everyone 
concerned with protective measures in bronchoscopy 
units and pulmonary function laboratories. 
UK £8.95; Abroad £10.00 
BMA members £8.45 or £9.50 including postage, by air abroad 














Available from: BRITISH MEDICAL JOURNAL, PO BOX 295, LONDON WCI1H STE, any leading 
bookseller or the BMF bookshop in BMA House. 


Pisase cacliose payment with order, or send us full detells of your MASTERCARD, VISA or AMERICAN EXPRESS credit card. 











Presenting the World’s Most Powerful 
Integrated Anaesthesia Workstation 


’ 


“I would have everie man write what he knowes and no more.” —MONTAIGNE 


BRITISH JOURNAL 


OF ANAESTHESIA 





VOLUME 67, No. 5 


NOVEMBER 1991 





EDITORIAL I 


RESISTANCE TO NON-DEPOLARIZING NEUROMUSCULAR BLOCKING AGENTS 


Most anaesthetists have had the clinical experi- 
ence of being unable to produce adequate neuro- 
muscular block for surgical access despite re- 
peated, and what occasionally might be considered 
excessive, doses of a non-depolarizing neuro- 
muscular blocking agent. The cause of this 
resistance usually remains unexplained at the end 
of surgery and cannot be clarified by routine 
plasma screening. Sometimes apparent resistance 
results from no factor more complicated than 
simple error: failure to store the drug at the 
recommended temperature, errors in dilution, or 
even use of the wrong substance. When these 
simple possibilities have been excluded, altered 
plasma protein binding or volume of distribution 
should be considered. The effect of an increased 
number of postsynaptic acetylcholine receptors 
may also be relevant, as may the patient’s 
temperature and metabolic state or the isomeric 
mixture of the drug in the vial. 


Plasma protein binding 


Most drugs bind to at least one of three plasma 
proteins: albumin (which has three separate bind- 
ing sites), alpha, acid glycoprotein (AAG) (one of 
the alpha, globulins) or lipoproteins [1]. Drugs 
may bind to more than one site on the albumin 
molecule and to more than one plasma protein. In 
general, acidic drugs are believed to bind to 
albumin and basic drugs to AAG [2]. It would be 
expected that non-depolarizing neuromuscular 
blocking agents, with their basic quaternary amine 
structure, would bind predominantly to AAG, 
but Stovner, Theodorsen and Bjelke suggested in 
1971 that alcuronium [3] and gallamine [4] are 
bound predominantly to plasma albumin, in 
contrast with pancuronium [4], for which no 
specific binding pattern could be detected. Baraka 
and Gabali [5] found a highly significant cor- 
relation between the serum concentration of 
gamma globulin and tubocurarine requirement, 
with a weaker relationship to the albumin con- 


centration. It seems, therefore, that even the basic 
principles of binding of drugs to plasma proteins 
cannot be applied simply to non-depolarizing 
neuromuscular blocking agents. Measuring plas- 
ma protein binding is fraught with problems, 
however [1], and the validity of many of the 
earlier reports is questionable. For example, it may 
have been difficult to differentiate between alpha, 
and gamma globulin in earlier studies, and this 
would explain the discrepancy with tubocurarine. 
More research is clearly needed on plasma protein 
binding of neuromuscular blocking agents. 

It is important to remember that the total 
plasma protein binding of neuromuscular blocking 
drugs compared with such drugs as diazepam 
(98 %) and alfentanil (92 %) [1] is not great (table 
I). In practice, changes in the degree of plasma 
protein binding are of clinical importance only if 
protein binding is greater than 85 %,, when only a 
small decrease in the amount of bound drug 
increases to a highly significant degree the free 
fraction of the drug, which is responsible for the 
clinical effect [1,2]. Because non-depolarizing 
drugs are not highly bound, any slight change in 
the degree of protein binding of a neuromuscular 
blocking agent is unlikely to be of clinical 
significance. 

Clinical resistance is seen most often in chronic 
disease, but no change in the plasma protein 
binding of pancuronium [8] or tubocurarine [9] 


TABLE I. Plasma protein binding of the non-depolarizing neuro- 
muscular blocking agents {1,6, 7]. * By an indirect in vitro 
method {7);+ [unpublished data: 3. M. Hunter and T. N. Calvey] 





Percen: bound 





Alcuronium 40 
Atracurium ?82* 

37+ 
Pancuronium 11-29 
Tubocurarine 43-41 > 
Vecuronium 30 
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TABLE II. Volume of distribution of non-depolarizing neuromuscular blocking agents in health and disease 
(mean values); *P < 0.05 compared with healthy group 





Volume of distribution (ml kg!) 








Renal effects Hepatic effects 
Chronic 
renal Cirrhotic 
Healthy failure Ref. Healthy liver disease Ref. 
Atracurium 182 224 [16] 202 282* [17] 
Pancuronium 262 296 [18] 279 416* [19] 
Vecuronium 194 239 [20] 246 253 [21] 


has been found in renal disease, or of tubocurarine 
[9], pancuronium or vecuronium [6] in cirrhotic 
liver disease, although plasma protein concentra- 
tions are known to alter in these circumstances. 
However, altered binding of basic drugs to AAG 
in acute disease states may explain the resistance 
to atracurium reported in this issue by Tatman, 
Wrigley and Jones [10]. Plasma concentrations of 
AAG, an acute phase protein, are increased in 
several acute conditions, including burns, myo- 
cardial infarction, severe infection, malignancy, 
Crohn’s disease, ulcerative colitis and renal trans- 
plantation [1]. They are increased also in some 
types of chronic renal failure [2]. This increased 
binding to an acute phase protein, with a sub- 
sequent reduction in the free, active fraction of 
the drug may explain, therefore, the occasional 
unexpected difficulty in obtaining adequate neuro- 
muscular block, especially during emergency 
surgery; but whether it is responsible for the 
hyposensitivity to tubocurarine demonstrated 
after thermal injury has been questioned [11]. 


Altered volume of distribution 


Since the first report by Dundee and Gray [12], 
it has been demonstrated that patients with 
cirrhotic liver disease, of various aetiologies, are 
resistant to small bolus doses, not only of 
tubocurarine but also of pancuronium [13], atra- 
curium and vecuronium [14]. There is: some 
evidence of a similar resistance in chronic renal 
failure [15]. This phenomenon may be caused, not 
by an increase in the protein binding of the 
neuromuscular blocking agent which would de- 
crease the volume of distribution of the drug, but 
by an increased volume of distribution of these 
water soluble, highly ionized drugs in conditions 
in which there is a significant increase in extra- 
cellular fluid, with or without frank oedema. The 


increased volume of distribution of a bolus dose of 
a neuromuscular blocking agent is associated with 
a smaller plasma concentration and hence a 
reduced effect. Repeated increments of the block- 
ing drug eventually increase the plasma con- 
centration sufficiently to produce satisfactory 
clinical conditions, but difficulty in eventual 
antagonism of residual neuromuscular block may 
ensue because of delayed clearance of the relaxant 
caused by the disease state. The volumes of 
distribution of some non-depolarizing neuro- 
muscular blocking agents in health and disease are 
shown in table IT. 


Increased number of receptor sites 


Where resistance to non-depolarizing neuro- 
muscular blocking agents has been reported in 
chronic disease states involving voluntary muscle, 
a pharmacodynamic rather than a pharmacokinetic 
problem is envisaged. The affected muscles in 
hemiplegia, for example, are thought to be 
resistant because of increase in postsynaptic 
acetylcholine receptors [22], as is possibly the case ` 


- in multiple sclerosis [23] and disuse atrophy [24]. 


In these chronic conditions, however, the an- 
aesthetist is usually aware of the pre-existing 
pathology and should not, therefore, experience 
unexpected resistance to a non-depolarizing neur- 
omuscular blocking drug. In many muscle dis- 
orders, such as myasthenia gravis and myotonia 
dystrophica, increased sensitivity to non-de~- 
polarizing blockers is common but, because 
both upgrading and downgrading of postsynaptic 
acetylcholine receptors can occur in these condi- 
tions, resistance may occasionally be encountered. 

Treatment with the antiepileptic drug pheny- 
toin, has been associated with resistance to all the 
non-depolarizing neuromuscular blockers, except 
atracurium. It has been postulated that this may 
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be caused by an increase in the number of 
postsynaptic receptors, a decrease in their sen- 
sitivity or even a presynaptic effect [25]. 


Body temperature and pH 


It is interesting to speculate on the relationship 
between an increase in body temperature and the 
degree of block obtained by the non-depolarizing 
neuromuscular blocking agents. From animal 
work it has been suggested that an increase in 
temperature may reduce the duration of action of 
atracurium, as Hofmann elimination is potentiated 
[26], but in such circumstances it may be that 
increased binding of not only atracurium but all 
these drugs to acute phase proteins is a factor in 
the decreased duration of action occasionally 
encountered in pyrexial patients. 

A respiratory alkalosis has been shown to 
antagonize the neuromuscular block produced by 
tubocurarine [27], pancuronium and vecuronium 
[28], although the effect of metabolic alkalosis is 
more controversial; indeed, it has been suggested 
that the latter may potentiate the block. Hyper- 
kalaemia may also be expected to decrease the 
duration of drug-induced neuromuscular block, 
as it lowers the resting membrane potential of the 
muscle membrane, thus promoting depolarization 
and muscle contraction. 


Isomeric mixtures 


A vial of any optically active drug may contain 
more than one isomer; each isomer may have a 
different elimination half-life and rate of clearance 
from the body. A vial of atracurium may contain 
up to 10 isomers. The three geometrical isomer 
groups present are the cis—cis, cis-trans and 
trans-trans groups. The cis—cis group (58%), 
which produces the required clinical effect, has a 
half-life of about 23 min. The cis-trans group 
(36%) has a biexponential half-life with a rapid 
phase of 2.3 min and the trans—trans group (6%) 
has such a short half-life that, in the small 
concentrations found in the plasma after a bolus 
injection, it is difficult to measure [29]. If the last 
two of these isomers are present in greater than 
expected concentrations in a vial, more rapid than 
expected recovery may occur. This is, however, 
an unlikely cause of unexpected resistance to 
atracurium and the resistance is only apparent, 


not real. 
J. M. Hunter 


10. 


IL 


16. 


18. 


. Wood M. Plasma drug binding: 


. Nana A, Cardan E, Leitersdorfer T. 
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EDITORIAL II 


JAW STIFFNESS—-AN ILL UNDERSTOOD CONDITION 


Many terms have evolved to describe jaw tight- 
ness which occurs within anaesthesia. Such terms 
include “masseter spasm” [1], ‘masseter 
myotonia” [2], “‘suxamethonium spasm” [3], 
“masseter muscle rigidity” [4] and ‘‘masseteric 
muscle spasm” [5]. Unfortunately, these terms 


often convey the impression of a scientific pre- 


cision which does not exist. Whichever term is 
used refers merely to a rather non-specific increase 


in the tone of the jaw muscles which may occur” 


during several clinical situations. 

It is generally believed that this rather nebulous 
condition, which occurs after the administration 
of suxamethonium, is more frequent in children 
than adults, occurs usually at induction of an- 
aesthesia and on occasions may lead to difficulty 
with tracheal intubation. As the majority of such 
reports have originated from retrospective surveys 
(in some instances merely from the perusal of 
anaesthetic records), there is a clear need for 
correctly controlled prospective studies of this 
phenomenon. In addition, the condition may be 


misdiagnosed: if inadequate doses of suxa- 


methonium are administered or insufficient time 
allowed for the drug to act, the jaw muscles may 
be incompletely relaxed when tracheal intubation 
ig attempted and anaesthetists mistakenly may 
make a diagnosis of “masseter spasm”. Fur- 
thermore, jaw tightness after administration of 
suxamethonium is a subjective diagnosis, and 
anaesthetists may differ considerably in their 
threshold of attaching a label in equivocal cases. 

For these reasons, reported instances of jaw 
tightness are very variable. An often-quoted study 
from the United States suggested an incidence in 
children of 1:800 and identified a subgroup of 
patients who received both halothane and suxa- 
methonium in which the incidence was reported 


to be 1:100 [6]. In another survey, a group of | 


paediatric patients undergoing strabismus surgery 
who received these agents, had an astonishingly 
high incidence of 1:36 [7]. In contrast, in Europe, 
jaw tightness appears to be a less common 
phenomenon. In Denmark, the incidence in adults 


and children has been described as 1:12000 [8], | 


and in the U.K. the incidence in children has been 
estimated at about 1:100000 [5]. 

It bas been demonstrated recently that an 
increase in masseter stiffness may accompany the 
administration of suxamethonium. Several in- 
genious methods have been used to attempt to 
measure this effect [9-11]. It has been shown that 
the increase in jaw stiffness is related to the dose 
of suxamethonium administered [10] and is not 
attenuated by prior administration of small doses 
of non-depolarizing neuromuscular blocking 
agents [12]; however, full paralysing doses of 
non-depolarizing agents prevent this response 
[12]. The increase in stiffness may occur in other 
muscle groups, but is noticeable especially in the 
masseter because it is a powerful muscle with an 
action relatively unopposed by the weaker jaw- 
opening muscles. Also, as an upper airway muscle, 
its action is assessed easily by the anaesthetist. 

This suxamethonium-induced increase in jaw 
stiffness varies in magnitude. Consequently, more 
severe forms of this condition may have been 
incorrectly termed “masseter spasm ” in the past. 
The normal response to suxamethonium is an 
increase in muscle stiffness which is maximal at 
the time of muscle fasciculations, is transient and 
is not accompanied by other signs of hyper- 
metabolism. A marked increase in jaw stiffness 
which cannot be overcome manually and lasts 
longer than several minutes is frequently termed 
masseter spasm, but there is dispute as to the 
diagnostic significance of this in relation to 
malignant hyperthermia (MH). 

Whilst prolonged jaw stiffness may be an early 
sign of MH [1, 13], it is quite evident that it does 
not invariably precede or proceed to this serious 
syndrome. It is one of several clinical signs which 
may accompany, but are not specific for, MH 
[14]. The coincidence of jaw tightness and MH is 
in the order of 50 % ; reportedly Jess in adults than 
children [15]. Earlier studies which suggested a 
closer correlation have been criticized for using 
inadequate MH susceptibility tests [16]. Analysis 
of paediatric data is made more difficult by the 
fact that children, who allegedly have a greater 
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incidence of jaw stiffness in response to suxa- 
methonium, are often not subjected to muscle 
biopsy in cases of suspected MH, and therefore 
there is greater difficulty in making a diagnosis. It 
is currently recommended that signs of hyper- 
metabolism (including metabolic and respiratory 
acidosis, increased core temperature, and in- 
creased end-tidal carbon. dioxide concentrations), 
should be awaited after increased jaw stiffness is 
noted, before a diagnosis of MH is contemplated 
[17]. 

Jaw stiffness after administration of suxa- 
methonium therefore bears only a loose associ- 
ation with the presence of MH. In the absence of 
other definitive signs of hypermetabolism, it 
would not be justifiable to subject patients to 
muscle biopsies in order to obtain im witro 
contracture responses to halothane and caffeine 
[18]. It is to be hoped that a less invasive method 
of confirming or refuting MH susceptibility, 
based on gene localization, may become available 
[19], and if so, would permit investigation of a 
larger section of the potential MH susceptible 
population. 

Jaw stiffness following suxamethonium remains 
a nebulous condition. The use of a variety of 
terms with more precise physiological significance 
has served merely to confuse rather than to 
illuminate this condition and, to date, a majority 
of information which exists is based upon un- 
controlled retrospective data. There is a place for 
future, carefully controlled prospective investig- 
ation of the changes in jaw tone which occur on 
induction of anaesthesia in adult and paediatric 
populations. 

J. M. Saddler 
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AIRWAY OBSTRUCTION ASSOCIATED WITH THE USE OF 


THE GUEDEL AIRWAY 


A. M. MARSH, J. F. NUNN, S.J. TAYLOR AND C. H. CHARLESWORTH 


SUMMARY 


Soft tissue lateral neck radiography was used in 
22 male patients older than 60 yr, to determine 
the cause of pharyngeal airway obstruction 
during anaesthesia, before and after insertion of 
a Guedel airway. In six of the patients, the airway 
was radiologically and clinically clear with the 
head in the neutral position. Nine patients 
showed obstruction of the airway by a “shelf” of 
tongue, but seven were cleared clinically by 
dorsiflexion at the atlanto—occipital joint, and the 
remaining two by the Esmarch-Heiberg man- 
oeuvre. In four of the 22 patients, the Guedel 
airway was lodged in the vallecula in the neutral 
position. This was cleared clinically by dor- 
siflexion at the atlanto—occipital joint in all these 
patients. In three patients the Guedel airway was 
obstructed by the epiglottis, but this was cleared 
by dorsiflexion at the atlanto—occipital joint in 
two; in the third patient. the Guedel airway 
Slipped into the vallecula after dorsiflexion at the 
atlanto-occipital joint and remained there despite 
the Esmarch-Heiberg manoeuvre. There was 
only one instance in 66 trials of a clinically 
obstructed airway without an apparent radio- 
logical cause. However, there were 10 instances 
in 66 trials of a clinically clear airway with an 
apparent radiological cause for obstruction. 


KEY WORDS 
Airway: Guedel, obstruction. 


The Guedel airway was described in 1937 [1, 2] 
and is in daily use as a means of clearing a partly 
obstructed airway. It has always been assumed 
that its effectiveness depends on its ability to hold 
the tongue away from the back of the pharynx, 
thus providing a clear channel for respired gases. 
However, in a significant percentage of patients, 
further manoeuvres are required in order to 


prevent partial or complete obstruction of the 
airway, for example dorsiflexion at the atlanto- 
occipital joint or an Esmarch-Heiberg man- 
oeuvre. The radiological study of Nandi and 
his colleagues [3] defined the effect of anaesthesia 
on the profile of the pharynx, but gave no 
indication of the reasons why these additional 
manoeuvres should be required to ensure a clear 
airway after insertion of a Guedel airway. We 
have therefore undertaken a study to find out the 
exact site of obstruction when the Guedel airway 
is im situ, and to see the effect of further 
manipulations. 


PATIENTS AND METHODS 


The study was approved by the hospital Ethics 
Committee and consent was obtained from 22 
male patients studied. All were aged between 63 
and 84yr and mean weight 72.6kg (range 
60-91 kg) presenting for routine urological pro- 
cedures under general anaesthesia. None had 
apparent anatomical abnormalities of the upper 
airways or symptoms of any pathology in this 
area. All were ASA grades I and II and had no 
significant lung pathology. Premedication was 
prescribed at the discretion of the anaesthetist. 
Lateral soft tissue radiographs of the pharynx 
were taken in the anaesthetic room at the time of 
induction of anaesthesia. The patients were 
supine, with the head in a neutral position, 3-4 cm 
above the plane of the table, using a ring support. 
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The first radiograph was taken before induction 
and was an expiratory film, taken with the patient 
breathing through his nose. Anaesthesia was 
induced using thiopentone 3—4 mg kg™, and the 
second radiograph was taken during the brief 
apnoeic period. Anaesthesia was maintained with 
50% nitrous oxide and enflurane in oxygen, with 
the patient breathing spontaneously via a face 
mask. The airway was maintained during this 
phase by dorsiflexion of the atlanto—occipital joint, 
jaw protrusion, or both, as necessary. When 
anaesthesia was considered to be deep enough by 
conventional means, a No. 4 Guedel airway 
(Portex Ltd, ref 100/303/040) was inserted, with 
the flange resting against the lips. Support of the 
jaw was then discontinued for a period not 
exceeding 7 s and the next radiograph was taken 
immediately, after allowing the head to fall back 
into a neutral position. Positioning was confirmed 
by inspection from the side. A further x-ray was 
taken with the head held in an extended position, 
by pulling the symphysis menti in an antero— 
cephalic direction. The final radiograph showed 
the head held in a full Esmarch—Heiberg man- 
oeuvre. This involves dorsiflexion at the atlanto— 
occipital joint and protruding the mandible 
anteriorly by exerting an anterior thrust behind 
the rami [4]. This was achieved with a specially 
constructed radiolucent Perspex device to prevent 
the anaesthetist’s fingers obscuring the radio- 
graph. 

While the x-rays were being taken, periods of 
partial and complete obstruction were not allowed 
to continue for more than 7s. With an inspired 
oxygen concentration of 50%, the alveolar Po, 
does not decrease to less than normal values under 
these circumstances. 

All radiographs were taken on a Dean 38 mobile 
x-ray machine (Dean GEC X-ray Operators Ltd, 
Wembley). The exposure factors were in the 
range 62-65 kV (peak) and 12-16 mAs, depend- 
ing on the patient’s build. The exposure times 
were 60 ms and the film focal distance was 150 cm, 
with the patient midline 26 cm from the film. 

A clinical assessment was made of the degree of 
airway obstruction present at the time of each 
radiograph. Three grades of ventilatory obstruc- 
tion were used: clear, partially obstructed and 
totally obstructed. The airway was classified as 
clear if there were no adventitious sounds, the 
reservoir bag moved with ventilation and the 
chest moved in phase with the abdomen. Partial 
obstruction was noted if the reservoir bag moved 
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with ventilation but adventitious sounds were 
present, or there was evidence of indrawing of the 
suprasternal space, or the thorax moved out of 
phase with the abdomen. An airway was con- 
sidered to be totally obstructed if there was no 
movement of the reservoir bag. 


RESULTS 


For technical reasons, satisfactory films during 
apnoea after induction of anaesthesia were ob- 
tained only in the last 17 patients. In these 
patients, induction of anaesthesia to the point of 
apnoea and before the onset of attempted breath- 
ing or the insertion of the Guedel airway, resulted 
in the changes listed in table I. The nasopharynx 
closed (A) in all but two patients. The antero— 
posterior dimension of the oropharynx (B) was 
highly significantly reduced, but became zero in 
only one patient. The epiglottis moved (C) 
posteriorly (P = 0.014) and appeared to touch the 
posterior pharyngeal wall in 10 of 17 patients. 

Overall, only six of the 22 patients had an air- 
way that was radiologically and clinically clear 
with the Guedel airway in place in the neutral head 
position. This increased to 16 radiologically clear 
and 19 clinically clear with dorsiflexion at the 
atlanto—occipital joint. With the full Esmarch— 
Heiberg manoeuvre, 15 were radiologically clear, 
but 21 were clinically clear (table II). There were 
12 cases of total obstruction clinically in the 
neutral position, but none at all with dorsiflexion 
at the atlanto—occipital joint or the Esmarch— 
Heiberg manoeuvre. 

Taking all 66 x-rays in the 22 patients, there 
was only one instance of partial and none of total 
clinical obstruction without apparent radiological 
cause (table III). There were, however, 10 


Tasis I. Mean (SD) changes (mm) in some dimensions of the 
pharynx after induction of anaesthesia. A = Minimal distance 
from posterior pharyngeal wall to posterior aspect of soft 
palate. B= Minimal distance from posterior pharyngeal wall 
to base of tongue. C = Minimal distance from posterior 
pharyngeal wall to epiglottis. n = 17. (Compara with Nandi 





{3]) 

Values of 
zero during 
anaesthesia 

Awake Anaesthesia P No.) 
A  31(2.4) 0.2 (0.8) 0.0003 15 
B 11.0(5.5) 3.9 (3.1) 0.0002 1 
Cc 4.4 (4.1) 1.4 (2.6) 0.014 10 











AIRWAY OBSTRUCTION AND THE GUEDEL AIRWAY 519 
TABLE II. -Patency of the airway in three positions of the head 
Head in neutral position Neck extended _Esmarch-Heiberg manoeuvre 
Clinical Clinical Clinical 
No. of X-ray airway X-ray airway X-ray airway 
patients appearance patency appearance patency appearance patency 
6 Clear Clear Clear Clear Clear Clear 
9 End of Guedel Partially Clear Clear Clear Clear 
obstructed by obstructed (2) 
tongue Totally Clear (4) Clear Clear (2) Clear 
obstructed (7) 
Guedel apparently Clear 
obstructed by 
epiglottis (1) 
Guedel in Clear 
vallecula (1) 
Guedel apparently Clear Clear Clear 
obstructed by 
epiglottis (1) 
Obstructed by Partially Clear Clear 
tongue (1) obstructed 
Clear (1) Partially Guede] in Clear 
obstructed vallecula 
4 Guedel in Partially Guedel apparently’ Clear Guedel apparently Clear 
vallecula obstructed (1) obstructed by obstructed by 
epiglottis (1) epiglottis 
Totally Clear (1) Clear Clear Clear 
obstructed (3) 
i Guedel apparently Clear Guedel apparently Clear 
obstructed by obstructed by 
epiglottis (1) epiglottis 
Guedel in Clear Guede! still in Clear 
valiecula (1) vallecula 
3 Guedel Partially Clear (2) Clear Clear Clear 
apparently obstructed (1) 
obstructed by Totally 
epiglottis obstructed (1) 
Totally Guedel in Partially Guede! still in Partially 
obstructed (1) vallecula obstructed vallecula obstructed 





Tase III. Comparison of clinically and radiologically apparent obstruction 








Apparent Clinically 
radiological obstructed ; 
obstruction; Radiological no apparent Clear 
clinically and clinical radiological clinically and 
clear obstruction cause radiologically 
Obstruction — 10 — ` — 
by tongue 
Guedel lying 4 6 — — 
in vallecula 
Epiglottis 6 3 — — 
obstructing 
Guedel airway . 
No radiological — — : 1 36 
cause for 
obstruction 


Total 10 19 1 36 
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Fic. 1. A clear airway with the head in a neutral position. The up of the epiglottis lies a few millimetres 
below the end of the Guedel airway. The bar represents 5 cm in the plane of the midline of the patient. 


Fic. 2. 





Total obstruction of the Guedel airway by a “shelf” of tongue with the head in the neutral 


position, This appearance was always associated with clinical obstruction. The bar represents 5 cm in 
the plane of the midline of the patient 


instances of a clinically clear airway in the 
presence of an apparent radiological cause for 
obstruction. In four of these, the Guedel airway 
appeared to be lying in the vallecula and, in six 
patients, the epiglottis appeared to be obstructing 
the open end of the Guedel airway (table II). All 
the patients in whom the airway tip was shown to 
be lodged in the vallecula were older than 80 yr, 
and three of the four were edentulous. Otherwise, 
there was no relationship demonstrated between 


the site of the airway tip and age or dentition. We 
had too few patients who were obese or very thin 
to draw any conclusions about the effect of body 
mass. 

In six patients the airway was clear, both 
clinically and radiologically, with the Guedel 
airway in place and the head in the neutral 
position (fig. 1). The airway remained clear with 
both dorsiflexion at the atlanto-occipital joint and 
the Esmarch—Heiberg manoeuvre (table II). 


AIRWAY OBSTRUCTION AND THE GUEDEL AIRWAY 


i | 


Vi 
N 





Fic. 3. The obstruction shown in Figure 2 has cleared by extension of the neck without protrusion of 
the jaw. Radiological clearing of the airway from this cause was always associated with a clinically clear 
airway. The bar represents 5 cm in the plane of the midline of the patient. 





x } 
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Fic. 4. The tip of the Guedel airway lies in the vallecula with total airway obstruction when the head 
is in the neutral position. The bar represents 5 cm in the plane of the midline of the patient. 


In nine patients, the lower end of the Guedel 
airway was obstructed partially or totally when 
the head was in the neutral position, by a “shelf” 
of the posterior—inferior aspect of the tongue 
which was displaced by the Guedel airway itself 
(fig. 2). Clinically, this resulted in airway ob- 
struction in all nine patients (complete in seven) 
(table II). In six of these patients the airway 
cleared, both clinically and radiologically, after 
the simple manoeuvre of dorsiflexion at the 


atlanto—occipital joint (fig. 3). The airway was 
clinically clear in a seventh patient after dorsi- 
flexion at the atlanto-occipital joint, but radio- 
logically the epiglottis appeared to be impacted in 
the Guedel airway. The other two patients 
remained partly obstructed with dorsiflexion at 
the atlanto—occipital joint and, in one of these, the 
x-ray showed this was caused by the tongue. In 
the other patient there was no apparent cause for 
the partial obstruction. 
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Fic. 5. Apparent obstruction of the end of the Guedel airway by the epiglottis. The bar represents 5 cm 
in the plane of the midline of the patient. 


The full Esmarch—Heiberg manoeuvre resulted 
in a clinically clear airway in all nine of these 
patients, although one patient gave the radio- 
logical appearance of the tip of the epiglottis 
having moved against the tip of the Guedel 
airway. X-rays of two other patients showed the 
tip of the Guedel airway lying in the vallecula, 
which was not the case when the heads of these 
patients were in the neutral position or with 
dorsiflexion at the atlanto—occipital joint. 

In four patients the radiograph showed the 
distal end of the Guedel airway to be lodged in the 
vallecula in the neutral position and, in each case, 
the airway was obstructed clinically, three of them 
totally (fig. 4). In one of these, the Guedel airway 
was dislodged by simple dorsiflexion at the 
atlanto—occipital joint, resulting in clinically un- 
obstructed breathing. In another one, the Guedel 
airway remained in the vallecula, despite dorsi- 
flexion at the atlanto—occipital joint and the 
Esmarch-Heiberg manoeuvre. Clinically, in this 
patient, the airway cleared on dorsiflexion at the 
atlanto—occipital joint, despite the radiographic 
appearance of the airway remaining in the val- 
lecula. In the last two patients in this group, 
dorsiflexion at the atlanto—occipital joint gave the 
radiological appearance of the epiglottis moving 
into the end of the Guedel airway, and it remained 
there despite an Esmarch—Heiberg manoeuvre. In 
both of these patients, the airway was obstructed 
clinically in the neutral position, when the airway 


was in the vallecula, but became clear on dorsi- 
flexion at the atlanto—occipital joint, despite the x- 
ray appearances of the epiglottis still obstructing 
the airway. 

The final group comprised three patients in 
whom the tip of the epiglottis appeared to be 
obstructing the end of the airway in the neutral 
position (fig. 5). Clinically, this caused total 
obstruction in two patients, but only partial 
obstruction in the third. Two of these airways 
were cleared completely by dorsiflexion at the 
atlanto—occipital joint, but in the third patient the 
Guedel airway slipped into the vallecula on 
extension of the head, and remained there, despite 
a full Esmarch—Heiberg manoeuvre. This was the 
only patient in our series whose airway remained 
partially obstructed, in spite of an Esmarch- 
Heiberg manoeuvre. 


DISCUSSION 


All anaesthetists are aware that, as anaesthesia 
deepens, upper airway obstruction occurs in 
several patients. Guedel believed this to be a 
result of the lower jaw falling backward, allowing 
the base of the tongue to lie against the posterior 
wall of the pharynx [1]. Several devices were 
designed to overcome this problem [2]; the 
Guedel airway is used most commonly today. 

It has been shown recently by Nandi and his 
co-workers [3] that, after induction of anaesthesia, 
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there are significant approximations of the soft 
palate, tongue base and epiglottis to the posterior 
pharyngeal wall. In Nandi’s study, the tongue 
base was not shown to touch the posterior 
pharyngeal wall. In the present study, changes in 
the dimensions of the pharynx during apnoea 
after induction of anaesthesia in the last 17 
patients (table I) were substantially the same as 
those reported previously, and in only one patient 
did the tongue touch the posterior pharyngeal 
wall. Therefore the Guedel airway might be 
expected to be successful by providing an alterna- 
tive route for airflow via the mouth instead of the 
nose. In practice, however, manoeuvres are often 
needed, such as dorsiflexion at the atlanto— 
occipital joint or an  Esmarch—Heiberg 
manoeuvre, while in a small number of patients, 
obstruction may continue despite all attempts to 
overcome it. 

This study has demonstrated at least three 
possible sites of obstruction of the Guedel airway: 
a “shelf” of tongue occluding the end of the 
Guedel airway; lodging of the airway in the 
vallecula; and obstruction by the epiglottis, 
perhaps with entry of the epiglottis into the 
airway. One cause of obstruction may change to 
another during attempts to clear the airway. We 
found only one case of upper airway obstruction 
when the cause was not apparent on x-ray. 
Conversely, we had several cases when the airway 
was clinically clear, but the radiological ap- 
pearance showed a possible site of obstruction. 
This is presumably a result of superimposition of 
structures on the x-ray with lateral channelling of 
airflow around the obstruction, as we were only 
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taking a view in one plane. This is particularly 
relevant in patients in whom the epiglottis appears 
to be causing obstruction (fig. 5). Neither in- 
dividual pharyngeal dimensions nor their changes 
after induction of anaesthesia showed any re- 
lationship to the type of airway obstruction 
resulting from the use of the Guedel airway. 

Thus it is apparent that the failure of the 
Guedel airway to overcome obstruction is not a 
result of a single cause. There is no way of 
predicting the site of obstruction from clinical 
observation and efforts to overcome it may change 
the site of the problem rather than removing it. 
Further modification is made difficult by the 
multiplicity of problem sites. It is not easy to see 
how the Guedel airway may be altered to achieve 
the ideal of a “hands off’ airway. Perforating the 
Guedel airway at a number of sites may allow the 
passage of gas to circumvent a site of obstruction, 
but this has been tried without success. 
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CHANGES IN AMPLITUDE AND LATENCY OF THE P300 
COMPONENT OF THE AUDITORY EVOKED POTENTIAL 
WITH SEDATIVE AND ANAESTHETIC CONCENTRATIONS 


OF NITROUS OXIDEt+ 


J. JESSOP, D. E. GRIFFITHS, P. FURNESS, J. G. JONES, D. J. SAPSFORD 


AND D. A. BRECKON 


SUMMARY 


The P300 component of the auditory evoked 
response was recorded from six subjects whilst 
they listened via headphones to a series of clicks 
which were interrupted unpredictably by a tone 
burst. They were instructed to press a button as 
quickly as possible after hearing the tone whilst 
breathing first air and then a series of increasing 
concentrations of nitrous oxide. Both the am- 
plitude and the latency of the P300 changed in a 
dose-dependent manner with nitrous oxide, as 
did minimum reaction time. At nitrous oxide 
concentrations which prevented recall of any 
events that occurred whilst breathing the gas, 
four subjects continued to respond to the tone by 
pressing the button. In three subjects, the P300 
wave was Still detectable with a nitrous oxide 
concentration at which the task was no longer 
performed. These results show that there is 
retention of the ability to perform a reaction time 
task when there is a complete loss of recall of the 
task. There may be some recognition of an 
auditory stimulus, as manifest by a P300 wave, 
albeit reduced greatly in amplitude, in the 
absence of a motor response to it. The P300, 
therefore, merits investigation as a tool for 
studying conscious awareness under anaes- 
thesia. 


KEY WORDS 


Anaesthetics, gases: nitrous oxide. Brain: auditory evoked 
potential. Memory : recall. 


The widespread use of light anaesthesia in 
conjunction with neuromuscular block produces 
the potential for patients to be awake but unable 


to communicate this state to the anaesthetist. 
However, there is still no reliable method of 
assessing if an apparently anaesthetized patient is 
awake or not, and further research is needed to 
study the interface between the conscious and the 
unconscious state. 

Several methods have been evaluated during 
surgical anaesthesia and, of these, both the isolated 
forearm technique and the recording of auditory 
evoked potentials give some information about 
various stages of awareness [1]. The isolated 
forearm technique [2] attempts to detect conscious 
awareness directly by eliciting specific hand move- 
ments on command. Whilst the ability to obey a 
command under anaesthesia must carry a high 
risk of conscious awareness, the converse is not 
true, and it may underestimate the true incidence 
of awareness [3]. Furthermore, there are technical 
difficulties with prolonged or repeated occlusion 
of the limb and with arm movements interfering 
with the surgical field. 

The early cortical components (25—100 ms) 
of the auditory evoked response show dose-de- 
pendent changes in amplitude and latency that 
are independent of the anaesthetic agent and have 
been validated as an indicator of awareness against 
the isolated forearm technique [4]. However, the 
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method does have disadvantages. First, the evoked 
potentials are small (0.5 uV) and it takes time to 
average out the signal from the background EEG. 
Second, interpretation of the averaged data re- 
quires some expertise. Third, these early cortical 
responses signal only the arrival of a sensory 
volley at the primary auditory cortex. While this is 
a pre-requisite for awareness to occur it does not, 
on its own, imply any form of cognitive process- 
ing. An apparently normal early cortical evoked 
potential may occur in the absence of any 
conscious awareness of the eliciting stimulus, and 
when conscious awareness does occur, it does so 
at an increased latency [5]. Furthermore, using the 
middle latency responses to predict awareness 
overestimated its true incidence as detected by the 
isolated forearm technique [4]. Thus there is no 
clear relationship between the middle latency 
responses and conscious awareness. However, 
later event-related potentials imply a degree of 
cognitive processing [6] and might, therefore, 
approximate more closely to a conscious aware- 
ness of the stimulus. 

Such an event-related potential is the P300. 
This wave occurs when a regular stimulus is 
interrupted unpredictably, for example by miss- 
ing out a stimulus or by replacing it with a 
different one. The P300 is large (10-20 pV) and 
has a peak latency of about 300 ms from the 
unpredictable stimulus. It has been studied with 
sleep [7], sedative drugs [8], nitrogen narcosis [9] 
and low doses of nitrous oxide, up to 40% 
inspired [10-12]. It has also been studied during 
and after general anaesthesia with isoflurane [13]. 
This study describes the effect on the P300 in 
normal volunteers of breathing nitrous oxide to 
give end-tidal concentrations in the range 
20-65 %. 


SUBJECTS AND METHODS 


‘The study was performed in six anaesthetists who 
were healthy (ASA I) and of Senior Registrar or 
more senior status. Approval for the study was 
obtained from the local Ethics Committee. 

Subjects were requested to fast for 5h before 
the study and not to drive home afterwards. The 
subject was made comfortable lying on a bed and 
a 20-gauge i.v. cannula was placed in the dorsum 
of the left hand as a precautionary measure. Full 
resuscitation equipment was available and two 
anaesthetists (in addition to the subject) were 
present throughout all experiments. 


525 


P300 recordings 


Clicks (1 ms duration) were presented to the 
subject via headphones at a rate of 1 s371. To elicit 
a P300 wave, one click was replaced periodically, 
in a pseudo-randomized fashion, by a tone burst 
(frequency 1.5 kHz, 100 ms duration) at an av- 
erage frequency of 1 tone to 9 clicks. The subject 
was asked to concentrate on the clicks and to press 
a hand-held button as soon as the tone occurred. 
The EEG was recorded, using silver—silver chlor- 
ide adhesive electrodes, from the vertex, 
referenced to linked ear lobes and with an earth 
electrode on the forehead. All inter electrode 
impedances were 2-3 KQ. The EEG signal was 
amplified using an optically isolated amplifier and 
passed to a digital signal averager (NEC portable 
computer controlling a Cambridge Electronic 
Designs interface unit via CED SIGAV software). 
Sampling was triggered by the click preceding 
the tone and 3000 points were sampled over the 
next 3 s. The record thus showed the response not 
only to the tone, but also to the preceding and 
following clicks. Sixteen of these 3-s sweeps were 
collected and stored, and an average record 
formed from them using the SIGAV software. 
Sweeps contaminated by blinks or other large 
artefacts were rejected automatically using the 
amplitude-triggered sweep rejection option of the 
SIGAV program. 


Reaction time recording 


A second channel of the averaging system was 
used to record the time that the subject pressed 
the button in response to the tone. The shortest 
reaction time for each group of 16 samples was 
measured. 


Nitrous oxide administration and monitoring 
Throughout the experiment, the subject’s oxy- 
gen saturation was monitored with a pulse 
oximeter (Ohmeda Biox 3700) via a finger probe. 
During nitrous oxide administration the subject’s 
inspired and end-tidal concentrations of oxygen, 
carbon dioxide and nitrous oxide were monitored 
using a mini mass spectrometer (Ohmeda 6000). 
Mixtures of nitrous oxide and oxygen were 
delivered from a standard anaesthetic machine 
(Boyle International 2) via a Bain system to a 
mouthpiece. The subject wore a nose clip and 
supported the mouthpiece himself. The gas 
mixture was breathed until the end-tidal nitrous 
oxide concentration was stable and a P300 record- 
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Fig. 1. Effect of end-tidal nitrous oxide (N,O) concentration on minimum reaction time (MRT) for 
subjects Nos 1 (#), 2 (A), 3 (@), 4 (O), 5 (MD and 6 (A). r = 0.78; P < 0.001. 


ing was performed. A recording was accomplished 
in all subjects with the end-tidal concentration of 
nitrous oxide changing by no more than 2-3%. 
The total gas flow was adjusted as necessary to 
keep the end-tidal carbon dioxide concentration 
in the range 4.5-5.5 kPa. 


Experience and recall 


At the end of each nitrous oxide study the 
subject was questioned about their mental ex- 
perience and recall of events which had occurred 
during breathing the gas; for example hearing the 
tones, pressing the button and external disturb- 
ances such as alarms. Detailed records were kept 
of what each subject described. 


Experimental programme 

At the start of the experiment, two sets of 
recordings of the P300 and reaction times were 
obtained whilst the subject breathed air. The 
subject then breathed the first of the nitrous 
oxide/oxygen mixtures until the end-tidal con- 
centration of nitrous oxide was stable when they 
were warned that a recording was about to start 
and reminded to press the button on hearing the 
tone. When the recordings of P300 and reaction 
times were complete the subject was allowed to 
recover whilst breathing room air. At the earliest 
possible opportunity they were questioned about 
recall as outlined above. When the end-tidal 
nitrous oxide concentration was < 2%, the next 
concentration was administered. This sequence 
was repeated, increasing the inspired concen- 


tration by 10% in each study until the subject no 
longer co-operated. Failure to keep still enough 
for EEG recording to be possible or failure to 
retain the mouthpiece were the usual reasons for 
terminating the experiment. A final recording was 
performed with the subject breathing air 15~ 
20 min after nitrous oxide was discontinued. This 
programme represents a compromise between 
several conflicting requirements which are dis- 
cussed later. 
Statistics 

Regression coefficients and intercepts were 
calculated using least squares linear regression 
analysis. All regression analysis was performed on 


the pooled data for all subjects (except for table 
ID. 


RESULTS 


Behavioural changes with nitrous oxide 


Of the seven subjects who originally volun- 
teered for the study, one became very dysphoric at 
an end-tidal nitrous oxide concentration of 20% 
and was unable to co-operate with EEG record- 
ings, so the experiment was abandoned. The 
results of the remaining six subjects are presented. 
Of these, subject No. 4 (symbol © in figures) also 
became dysphoric and unable to keep still enough 
to provide satisfactory EEG recordings at an 
end-tidal nitrous oxide concentration of 42%, 
although we managed to obtain a complete record - 
of psychomotor measures. While breathing 
increased concentrations, the remaining five 
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Frc. 2. Effect of nitrous oxide (N,O) on the accuracy of performing the reaction task. 100% response 
= subject pressed on button in response to all 16 tones. All points in the shaded area represent responses 
made when the subject had no recall whatsoever of the recording period. Key to subjects as in figure 1. 
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Fic. 3. Top trace: typical averaged EEG response to 16 stimuli in a subject breathing air. The principal 

components of the event related potential (N100, P200, P300) are indicated. The histogram depicts the 

distribution of the subject’s reaction times to those stimuli. The timing of the tone and the preceding 
click are indicated. 


subjects had experiences that were vivid and were and complete the experiment, although there was 


- described in terms of dissociation; for example, one other subject in whom we could perform 


solving difficult problems with bizarre insights psychomotor testing at an expired concentration 


into the meaning of life. Despite these sensations, of 62%, but EEG recordings were swamped by 


-during which they were oblivious to the purpose movement artefacts. 
of the study, they were able to co-operate with In common with other workers [10, 12], we 
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Fic. 4. Series of averaged EEG responses with increasing 
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TABLE I. Calculated values of end-tidal mitrous oxide at which 

the P300 amplitude would be zero for each of the six subjects, 

as estimated by the intercepts on the mitrous oxide axis of the 
individual linear regression lines 


Subject No. 





1 2 3 4 5 6 


End-tidal N,O 
(%) 


66.4 69.3 56.6 36.4 69.5 62.0 





found that the subjects’ minimum reaction times 
increased with increasing nitrous oxide (fig. 1). 
Figure 2 shows how the subjects’ accuracy at 
pressing the button in response to the tone 
altered with increasing nitrous oxide. At the lower 
concentrations, the subjects continued to respond 
to all the tones, albeit with a longer reaction time, 
but there was a fairly narrow range of concentra- 
tions over which the response decreased sharply. 

Recall for the recording period was disrupted 
by lesser concentrations of nitrous oxide than 
affected the ability to respond. Four of the six 
subjects continued to respond to some of the 
tones by pressing the button with concentrations 
at which they could not recall any events that 
occurred whilst breathing the gas (points within 
the shaded area of figure 2). 


Changes in the P300 with nitrous oxide 


Figure 3 shows a typical averaged EEG re- 
sponse to a click and a tone and illustrates the 
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Fic. 5. Effect of nitrous oxide on P300 amplitude in each of the six subjects, normalized as a percentage 
of that subject’s mean amplitude when breathing air at the beginning of the study. r= —0.96; P< 
0.0001 ; X-intercept = 62%. Key to subjects as in figure 1. 
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Fic. 6. Effect of nitrous oxide on P300 latency. r = 0.67; P < 0.001. Key to subjects as in figure I. 


temporal relationship between the motor response 
to the reaction task and the P300. The motor 
response was approximately 100 ms earlier than 
the peak P300 latency. The figure also illustrates 
the fact that, with our experimental paradigm, the 
P300 was seen on the falling phase of the P200 
wave, which implies that simple measurements of 
peak amplitude are not appropriate. The method 
of measurement chosen was to draw a straight line 
to fit the decrease in P200 and to measure the area 
of the P300 above that line, as represented by the 
shaded area. A typical series of P300 records 
obtained from one subject breathing air and then 
increasing concentrations of nitrous oxide is 
shown in figure 4; as the nitrous oxide con- 
centration increased, P300 became smaller and 
later. 

Figure 5 shows how the amplitude of the P300 
changed with increasing end-tidal concentrations 
of nitrous oxide. Because the absolute amplitude 
measurements in any one subject are influenced 
by such factors as electrode contact and position, 
it was necessary to normalize the measurements in 
order to compare them between subjects. There- 
fore, all amplitudes are given as a percentage of 
the mean P300 amplitude with the subject 
breathing air at the beginning of the study, for 
that subject. 

All the subjects showed a step-wise decrease in 
P300 amplitude with increasing end-tidal con- 
centration of nitrous oxide. The regression line 
calculated from the pooled data intercepts the x- 
axis at 62.3 % nitrous oxide. This is at the top end 
of the range in which the subjects failed to push 


the button, and well above the range in which 
recall was lost (fig. 2). It can be seen from the 
graphs that individuals differed in their 
sensitivities to nitrous oxide; the calculated nit- 
rous oxide intercepts for each of the six subjects 
are shown in table I. 

All subjects showed an increase in the peak 
latency of the P300 with increasing end-tidal 
concentrations of nitrous oxide (fig. 6). The 
relationship between the P300 amplitude and the 
performance of each of the subjects was similar to 
that between end-tidal nitrous oxide concen- 
tration and performance (fig. 7). At reductions in 
P300 amplitude less than 50% there was very 
little change in performance, but thereafter it 
decreased sharply. 


Recovery from mitrous oxide 


A final set of observations was obtained from 
five of the six subjects 15-20 min after they had 
finished breathing nitrous oxide (table II). Re- 
covery was quite variable, but three of the five 
subjects had persistent changes in amplitude or 
latency of the P300 at this time, although the 
minimum reaction times are more or less normal. 
Note that the subject who was most sensitive to 
nitrous oxide (fig. 5) had the most attenuated 
P300 at this stage. 


DISCUSSION 


The results of this study have demonstrated that 
the P300 response of the auditory evoked potential 


_to a randomly presented auditory event showed 
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Fic. 7. P300 amplitude plotted against % ‘response to the tones. There was negligible change in 
performance until the P300 was reduced to less than 50% of control. 


dose-dependent changes in amplitude and latency 
over the range of end-tidal concentrations of 
nitrous oxide used in routine clinical practice. 
The calculated regression line for all the data 
showed that the amplitude of the P300 tended to 
zero at 62% end-tidal nitrous oxide. Four of the 
six subjects pressed a button in response to some 
or all of the tones at a stage when they had no 
recall of the proceedings and three of the subjects 
had a detectable P300 at a stage when they made 
no response at all to the tones. Thus the P300 
seems to represent some residual processing of 
information in the absence of a motor response. 
Two aspects of the methodology need to be 
discussed. First, the nitrous oxide concentrations 
were always presented to the subjects in ascending 
order. Whilst this is not ideal statistically, it 
proved impracticable to randomize the order. 
Table II illustrates the fact that the recovery of 
the P300 15 min after nitrous oxide was stopped 
varied between subjects. The intervals necessary 


TABLE II. Recovery of P300 amplitude and latency and of 

minimum reaction time with the subjects breathing air 

15-20 min after last breathing nitrous oxide. (Data for subject 
No. 2 were lost.) 


P300 latency Reaction time 


Subject P300 amplitude (change from (change from 
No. (% control) control) (ms) control) (ms) 
1 84 +48 +16 
3 107 —12 —22 
4 37 +42 +13 
5 91 -1 +2 
6 68 —3 +21 


between trials in order to ensure zero carry-over 
from large to small concentrations would: have 
made the experiment impossible to completé at 
one time. An alternative would have been to study 
different concentrations on different days, but 
that would have introduced new sources of 
variability such as electrode placings. The design 
chosen was a compromise, based on the as- 
sumption that any carry-over should have least 
effect from smaller to greater concentrations. 
Second, there is no standard method of measuring 
the amplitude of the P300. In our experiment it 
appeared on the falling phase of the P200 when air 
was breathed and gradually separated from this 
wave with increasing concentrations of nitrous 
oxide. This makes simple measurements of am- 
plitude inappropriate because there is no suitable 
fixed point to which such measurements may be 
referred, The method used was to measure an area 
which approximated to the area of the response, 
and which underestimated the P300 the closer 
it was to the P200; that is, in this experiment 
it underestimated at smaller concentrations of 
nitrous oxide. Thus any errors from this 
source lessened, rather than enhanced, the dose- 
dependent changes in amplitude observed. It 
is then necessary to consider what these changes 
represent. 

The P300 is maximal if the stimulus is 
infrequent and if its occurrence has some meaning 
to the subject, for example if he has been told 
beforehand that he has a task to perform when it 
occurs. In this situation the latency of the P30 is 
always longer than the associated reaction time 
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[14], and so it is believed that the P300 reflects 
some part of the stimulus evaluation process, 
rather than the process of producing a motor 
response. Its latency may be too short for it fully 
to represent conscious awareness of the stimulus 
[5], but it represents a very much later stage in the 
pathway, just before consciousness, than do the 
early cortical components (about 50 ms) of the 
evoked potential. The fact that its amplitude 
tends to zero at 62% end-tidal nitrous oxide 
suggests that it is not useful as a measure of depth 
of anaesthesia, as it is not present throughout the 
range of anaesthetic concentrations usually used 
to perform surgery. However, we speculate that it 
might be used as a marker for conscious awareness. 
It is important to realize that it is not simply a 
marker for conscious awareness with recall be- 
cause in all five subjects in whom satisfactory 
recordings could be obtained, it persisted at nitrous 
oxide concentrations with which recall of external 
events was lost. Some subjects were abletoachievea 
high degree of accuracy at pressing the button in 
response to the tones when they had no recall at all. 
This shows that lack of recall of events is a poor 
indicator of conscious awareness. 

There is also an interesting relationship be- 
tween the P300 amplitude and ability to respond 
to the tones. With the smaller concentrations of 
nitrous oxide, the reaction time lengthened 
gradually although the button was pushed in 
response to every tone. Then, at concentrations at 
which the P300 was already reduced by more than 
50%, the response began to fail altogether. 
Although this failure was apparently abrupt, this 
is not really the case. There is, in effect, a 
continuum in which the reaction time gradually 
lengthens and then increases steeply to infinity. In 
parallel with this, the P300 gets progressively 
smaller and, in three of six subjects, it finally 
disappeared slightly after the motor response. No 
subject had a motor response to a tone in the 
absence of a P300. If we accept that the presence 
of a P300 represents some recognition of the tone, 
albeit attenuated and not recalled, then we have 
detected a state, in some subjects, in which the 
stimulus was recognized, but not acted upon. 
This implies that a change in the P300 may be 
used as a sensitive indicator of conscious aware- 
ness without recall, although we cannot prove this 
without more detailed psychometric testing. 
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We conclude that the P300 warrants further 
investigation as a tool for exploring the relation- 
ship between conscious awareness and anaes- 
thesia. 
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EFFECTS OF I.V. LIGNOCAINE ON PSYCHOLOGICAL 
PERFORMANCE AND SUBJECTIVE STATE IN HEALTHY 


VOLUNTEERS 


P. J. ARMSTRONG, L. M. MORRISON, D. NOBLE, W. A. SINCLAIR, 
B. TIPLADY AND J. A. W. WILDSMITH 


SUMMARY 


/n order to assess the effects of different doses of 
lignocaine on performance, nine healthy volun- 
teers aged 21-34 yr received i.v. infusions of 
saline, low and high dose lignocaine (mean 
plasma concentrations 0.92 and 1.78 ug mr", 
respectively) in a double-blind randomized 
order. The Digit-Symbol Substitution Test 
(DSST) and Visual Analogue Scales (VAS) were 
performed repeatedly and a battery of perfor- 
mance tests once. The median (lower, upper 
quartile) number of correct responses for the 
DSST during the infusion period was: placebo 
69 (67, 77); low 74 (71, 80); high 66 (61, 75) 
(P < 0.007, General Linear Models; all pairwise 
comparisons P < 0.05). None of the measures in 
the full battery showed any significant changes. 
VAS showed that subjects felt more interested 
(P <0.05). drowsy (P < 0.01), dizzy, tense, 
abnormal, drunk and muzzy (P < 0.007) with 
lignocaine than with placebo. These results 
confirm that lignocaine can produce acute perfor- 
mance effects (both improvements and impair- 
ments). Subjects were clearly aware of the 
presence of lignocaine, suggesting that sub- 
jective reports may be a useful indicator of its 
CNS effects. 


KEY WORDS 
Anaesthetics, local: lignocaine. Psychological responses. 


Several studies have shown that local anaesthetics 
may affect psychological performance and sub- 
jective state. Thus slowing of reaction times has 
been observed with lignocaine [1], while both 
bupivacaine and etidocaine caused an increase in 
reaction time, but a reduction in critical flicker 


frequency [2]. In general, local anaesthetics lead 
to subjective reports of fatigue and dizziness 
[1-5]. 

The magnitude and duration of such effects is 
likely to be of concern in the selection of 
anaesthetic agents, particularly in day-case 
patients. In the study by Korrttila [1], the mean 
peak plasma concentration after i.m. injection of 
plain lignocaine was 1.37 ug ml", a concentration 
likely to be found, at least transiently, during 
regional anaesthesia [6]. 

It is difficult to assess the relationship between 
plasma concentrations and performance from this 
type of experiment. Only one dosage of each drug 
was used and the venous plasma concentration is 
an uncertain indicator of concentrations at the site 
of action when drug concentrations are changing, 
as occurs with single-dose studies. 

An alternative is to use a continuous infusion of 
drug to obtain an approximate steady state [7-9]. 
This has several advantages. First, the arterio— 
venous artefact can be greatly reduced. Second, 
acute habituation effects may be detected. Third, 
a comprehensive test battery may be given with all 
tests being administered under similar drug 
conditions. 

In the present experiment, subjective and 
objective effects of lignocaine were studied using 
infusions at two rates, calculated to achieve plasma 
concentrations of 1 and 2 pg ml}, in order to span 
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LIGNOCAINE AND PERFORMANCE 


the maximum concentration of 1.37 pg ml ob- 
tained by Korttila [1]. 


SUBJECTS AND METHODS 


We studied nine healthy male volunteers aged 
21-34 yr (mean 28.4 yr) and weights 66-82 kg 
(mean 74.3kg). No subject was taking any 
medication. All subjects gave written informed 
consent to the study, which was approved by the 
Ethics Committee of the Royal Infirmary, 
Edinburgh. 

Subjects were given three treatments in random 
order : placebo (saline); low dose lignocaine (target 
placebo concentration 1 pg ml-+); high dose ligno- 
caine (target 2 pg ml!) (table I). At least 7 days 
elapsed between sessions. A short test battery was 
carried out at baseline and repeatedly during the 
infusion, while a more comprehensive battery 
designed to assess a broad range of CNS functions 
{10, 11] was performed once. 


Digit-symbol substitution test. In this pencil- 
and-paper test, there was a key which matched 
nine symbols to the numbers 1-9. A series of 
random numbers was printcd in a grid on the 
sheet and the subject wrote the corresponding 
symbol under each number, as quickly as possible. 
The numbers of correct and incorrect symbols 
written in 90s were recorded [12]. 


Symbol—digit substitution test. In this automated 
version of the above test, subjects saw a key on a 
monitor screen which matched the nine symbols 
to the digits 1-9. A series of symbols appeared in 
a box below the key, one at a time, and the 
subject responded by pressing the appropriate 
number key as quickly as possible. The number of 


TABLE I. Treatment orders for individual subjects. PI = placebo; 
Li = lignocaine low dose (target concentration 1 yg mi1); 
L2 = lignocaine high dose (target concentration 2 yg mi1) 





Subject 
No. Session I Session II Session HI 
1 Pl L1 L2 
2 L2 Pl L1 
3 L1 L2 PI 
4 Pl LI L2 
5 L2 PI Li 
6 Li Pi 12 
7 Ll L2 Pl 
8 Pl Li L2 
9 L2 PI Li 
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correct and incorrect responses in 908 was 
recorded. 


Choice reaction time. This used an apparatus 
with a semicircular arrangement of six buttons 
with a light by each one. The subject initially 
placed his finger on a seventh button at the centre 
of the semicircle. At random intervals one of the 
lights was illuminated, and the subject responded 
by pressing the appropriate button as quickly as 
possible. The mean latency and total response 
time over 30 responses was recorded [13, 14]. 


Critical flicker fusion threshold. The subject 
observed a group of four lights which flickered at 
an increasing frequency. The subject responded 
when the lights appeared to be steady. The test 
was repeated with the frequency decreasing, the 
subject responding when flicker appeared to 
begin. The mean frequency of three observations 
in each direction was taken as the threshold [13]. 


Continuous attention task. A series of geometric 
patterns was flashed on a monitor screen, each 
pattern being shown for 0.1 s, the interval between 
patterns being 1.5-2.5 s. The subject’s task was to 
respond whenever two consecutive patterns were 
the same. A total of 240 presentations, with 40 
repetitions, was used on each occasion [10, 11]. 
The total number of errors (both false-positive 
and false-negative) was recorded, and the error 
index calculated [15]. 


Block pattern recognition test. A series of 
geometric patterns, as used in the continuous 
attention task, was displayed on a monitor screen, 
each followed, after a short interval—the viewing 
time—by a random pattern of much smaller black 
and white squares, which remained on the screen 
for 1 s. This second pattern acted as a backward 
mask, preventing further visual processing of the 
original stimulus. Two seconds after the onset of 
the original stimulus, four patterns appeared on 
the screen, and the subject responded by pressing 
a button corresponding to the stimulus pattern. 
Viewing times of 20-100 ms and an unmasked 
condition were used. 


Sternberg memory scanning test. The subject was 
required to memorize a set of 1, 3 or 5 digits 
presented on the monitor screen. A series of digits 
was then shown on the screen, and for each digit 
the subject pressed a YES button if the digit was in 
the initial set, a NO button otherwise. The reaction 
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times for the correct responses for each of the 
conditions was recorded [16]. Two presentations 
of series of 20 digits were made for each set size. 


Inspection time. In this measure of processing 
speed, the subject was presented with two 
illuminated vertical lines, one longer than the 
other. This was followed by a mask, consisting of 
two long lines. The subject responded by pressing 
a left or right button corresponding to the longer 
line in the original display. The inspection time 
(the interval between onset of stimulus and onset 
of mask) was varied according to the PEST 
algorithm, an adaptive procedure which decreases 
viewing time when subjects perform accurately, 
and increases it when errors occur. A progressive 
decrease in the step size allows the algorithm to 
“home in” to the time necessary for 85 % correct 
recognition [17, 18]. 


Visual analogue scales. Subjective effects were 
measured using 10 visual analogue scales, the 
opposite ends of which were marked: alert— 
drowsy ;steady—dizzy ; bored—interested ; calm— 
tense; well—ill; lethargic—energetic; pleasant— 
unpleasant; normal—abnormal; sober—drunk; 
and clearheaded—muzzy. Non-specific question- 
ing was also used (“How do you feel at the 
moment?”), and any symptom or other item 
reported or observed was rated by the tester on a 
seven-point severity scale. 

Choice reaction time and critical flicker fusion 
were measured using the Leeds Psychomotor 
Tester [13]. Other automated tests were adminis- 
tered using a BBC Master 128 microcomputer 
with a separate response box [10]. 


Procedures 


Each subject first took part in a familiarization 
session in which all the tests in the battery were 
introduced and practised. 

Subjects were instructed to abstain from alcohol 
during the 24h preceding the test sessions, and 
from caffeine and tobacco on the days of the test 
sessions, until completion of all procedures. 

In each of the main sessions, a cannula (18- 
gauge Venflon) was inserted into the antecubital 
fossa of the non-dominant arm, for blood sam- 
pling. A smaller cannula (21-gauge Venflon) was 
inserted into a vein on the dominant forearm and 
connected to the infusion pump with flexible 
nylon tubing. This was arranged to allow free 
movement of the arm. A tap was fitted into the 
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cannulae behind the shoulder. The pump and 
connections were positioned behind the subject so 
that he would not be aware of the starting time of 
the infusions. Administration was blind to the 
subject and to the experimenter responsible for 
administering the tests. Infusion solutions were 
prepared by a physician who also had medical 
responsibility for the subjects. The physician was 
not blinded. 

Saline was infused initially, to allow the subjects 
to settle and for baseline testing to be carried out. 
After approximately 20 min the loading dose 
commenced and after a further 10min the 
maintenance dose was started. At termination of 
the main infusion (approximately 1.5 h) saline was 
resumed. For the low dose lignocaine condition, 
the loading dose was 1.26 mg kg“, followed by a 
maintenance infusion of 13.2 ug kg min“. For 
high dose lignocaine, double these amounts were 
used. For the placebo condition, all infusions 
comprised saline, but syringes and pump rates 
were changed at the same times as for the active 
infusions. 

A short test battery, consisting of digit~symbol 
substitution, symbol-digit substitution, and the 
visual analogue scales was performed at 10-min 
intervals during the initial saline infusion and 
during the first 30min of the experimental 
infusion. The full battery was performed at 
30-80 min, followed by the short battery. The 
experimental infusion was replaced by saline, and 
the short battery performed again at 10-min 
intervals for 30 min. During the whole test period, 
non-specific questioning was carried out at ap- 
proximately 10-min intervals, except when tests 
were in progress. 

Blood samples were obtained for measurement 
of plasma lignocaine concentrations, before the 
infusion, at 30, 60 and 90 min after commence- 
ment of the main infusion, and at 15 and 30 min 
during the final saline infusion. Plasma con- 
centrations of lignocaine were measured by HPLC 
[19]. 


Statistical analysis 


The main outcome measures used were the 
mean scores for the items in the short test battery 
over the active infusion period. The difference 
between the scores at 30 and 90 min were assessed 
in order to test for acute tolerance effects, and the 
mean scores before active infusion commenced - 
(baseline) and the final score (at 30 min after 
saline recommenced) were also analysed. These 
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Tase II, Psychological performance as assessed by the main test battery during infusion of lignocaine. LQ = Lower quartile; 
UQ = upper quartile; RT = reaction time. No measure showed statistically significant differences between treatments (P > 0.05) 








Lignocaine Lignocaine 
Placebo low dose high dose 
Measure Median LQ UQ Median LQ UQ Median LQ UQ 

Choice reaction time 

Latency (ms) 382 345 430 363 329 425 367 335 462 

Movement time (ms) 169 143 197 173 138 217 201 148 208 

Total RT (ms) 576 483 601 503 . 461 633 569 516 663 
Critical flicker fusion 

frequency 

Threshold (Hz) 30.2 28.8 31.4 28.6 28.3 29.5 30.5 28.5 30.9 
-Pattern recognition 

% correct 40-80 ms 51.7 48.3 56.7 58.3 51.7 61.7 50.0 40.0 53.3 

% correct 100 ms 95 90 100 100 85 100 95 90 100 
Continuous attention 

No. correct (/40) 36 35 38 36 31 38 38 35 39 

No. incorrect (/40) 0 0 1 0 0 2 0 0 0.5 

Error index 0.10 0.05 0.15 0.07 0.10 0.23 0.05 0.03 0.15 
Memory scanning 

Mean RT (ms) 595 514 810 567 534 697 666 571 672 
Inspection time 

TT85 (ms) 35 26 41 37 28 48 34 26 55 


TABLE III. Effects of lignocaine on the short battery (mean scores over the period of the infusion). Med = Median; LQ = lower 
quartils; UQ = upper quartile. Statistical significance: *P < 0.05; **P < 0.01; ***P < 0.001. Pairwise comparisons: treatments 
not sharing a common underline significantly different (P < 0.05) 








Lignocaine Lignocaine Statistical 
Placebo low dose high dose significance 
Measure Med LQ UQ Med LQ UQ Med LQ UQ P Pairwise 
Digit-symbol substitution 
No. correct (90 s) 69 67 77 74 71 80 66 61 75 wee 102 
Symboldigit substitution . 
No. correct (90 8) 55 46 6l 57 46 59 51 47 56 ns 
Visual analogue scales 
Alert—Drowsy 13 9 21 29 20 35 36 21 53 kk 012 
Steady—Dizzy 5 2 10 19 16 34 42 36 57 kik Ol 
Bored—lInterested 39 28 50 41 35 53 61 47 74 x Q12 
Calm—Tense 6 2 8 13 8 16 28 20 38 kkk 012 
Wel1ll 8 3 9 9 6 13 24 4 3 ns 
Lethargic—Energetic 48 43 56 41 34 6l 40 34 65 ns 
Pleasant—Unpleasant 9 2 18 13 7 14 18 9 33 ns 
Normal—Abnormal 6 3 19 26 16 34 48 41 52 KEK 912 
Sober—Drunk 3 2 9 19 5 30 37 29 53 axe 012 
Clearheaded—Muzzy 7 4 13 28 16 39 42 38 59 kik 9012 


measures and the scores for the individual tests in 
the full test battery were analysed using General 
Linear Models applied to the ranked data set [20] Data are presented by treatment for the full test 
to test for effects of treatment and session (order battery in table II, and those for the short battery, 
. ~ effect). Where significant treatment effects were including the subjective measures, in table III. Of 
found, pairwise comparisons were carried out. the objective measures studied, only the digit- 
The level of significance was P < 0.05. symbol substitution test showed statistically signif- 
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icant treatment effects (P < 0.001). All three 
pairwise comparisons were significant for this 
measure. The low dose of lignocaine was associated 
with an increase in the number of correct 
responses (improved performance) while the high 
dose led to a decrease (impairment). 

The subjective measures (table IIT) showed 
clear effects of lignocaine. Seven of the 10 scales 
showed significant effects, with subjects feeling 
more interested (P < 0.05), drowsy (P < 0.01), 
dizzy, tense, abnormal, drunk and muzzy 
(P < 0.001). In most subjects these changes were 
clearly dose-related, with the effect of the low 
dose intermediate between that of the high dose 
and placebo. 

No measure showed significant change between 
the 30-min and 90-min time points, and there 
were no differences between sessions at baseline. 
No statistically significant treatment effects were 
apparent 30min after the end of the active 
infusion. Significant order effects were evident for 
pattern recognition (median (%) correct at 100 ms: 
session 1, 50; session 2, 52; session 3, 58); for the 
sober—drunk visual analogue scale (median pos- 
ition (mm): session 1, 9; session 2, 15; session 3, 
33; the larger numbers indicate increasing feelings 
of drunkenness); and for the normal—abnormal 
visual analogue scale (median position (mm): 
session 1, 19; session 2, 19; session 3, 48; the 
larger numbers indicate increasing feelings of 
abnormality), 


TABLE IV. Incidence of symptoms occurring during infusion, as 
elicited by non-specific questioning, and by observation. Each 
number represents the maximum severity, on a scale from 0 
(absent) to 7 (very severe), reported for a single subject. Thus 
two subjects reported dizziness on high dose lignocaine, one 
with maximum severity 3, the other with maximum severity 4 





Lignocaine Lignocaine 

Placebo low dose high dose 
Somnolence 2 5,2,3,2,3,2,2 3,3, 3, 2,4, 3,5 
Paraesthesia 2 3,3 9 253 
Tinnitus 2 2; 2, 2,3 
Dizziness 3, 2, 2 3,4 
Unpleasant/ 2,2 2,3 

unusual taste 

Muzziness 4,2,2 
Intoxicated 2 4 
Slurred speech 3 2 
Nausea 4 
Pain 3 
Cold 2 
Lightheaded 2 
Hyperaesthesia 2 
Dry mouth 2 





BRITISH JOURNAL OF ANAESTHESIA 


Correct DSST 
~ 


VAS 8 (mm) 


VAS 1 (mm) 


05 0.0.0.0. 0.0.0.0. 0.0.0. 0-0. 0.0.0.8 0.0.0.0. 
REEI 


Infusion L__| 





-30 0 30 60 90 
Time (min) 

Fic. 1. Time course of effects (mean values) of lignocaine on 

digit-symbol substitution (DSST) and visual analogue scales 

Alert—Drowsy (VAS 1) and Normal—Abnormal (VAS 8). 

@ = High dose; O = low dose; —— = placebo. Infusion: 


120 


open bar = saline; black = loading dose; hatched = main- Ag 


tenance dose. 


_The time course of the effect of lignocaine is 
shown in figure 1. The effects on digit-symbol 
substitution and abnormal feelings appeared to 
peak during the loading dose, while drowsiness 
was more constant during the active infusion 
period. í 

Lignocaine was clearly associated with som- 
nolence (tired, drowsy or sleepy), and there were 
more reports of paraesthesia, tinnitus, dizziness, 
taste in mouth and muzziness with lignocaine 
than with placebo (table IV). 


Mean plasma concentrations of lignocaine over ~ %4 


the three time points were in the range 0.75- 
1.16 ug ml? for the low dose session (mean 
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FIG. 2. Mean (sD) plasma concentrations of lignocaine during 

the infusion. @ = High dose (target 2 pg mg~*); O = low dose 


(target 1 pg mg”). 


90 


0.92 pg ml“) and 1.4-2.35 pg mi~! for the high 
dose (mean 1.78 ug ml~?) (fig. 2). 


DISCUSSION 


These results are in general agreement with the 
previous findings of Korttila [1], notably that 
lignocaine affected performance at concentrations 
likely to be found in clinical use. However, the 
effect was confined to a single objective test 
measure, the digit~symbol substitution test. The 
most striking finding was that with the smaller 
dose of lignocaine used there was a significant 
improvement in performance on this test, while 
with the greater dose, impairment occurred. 
Although a substantial number of statistical tests 
were performed in the present study, this is 
unlikely to be a chance finding for two reasons. 
First, the summary measures from the short 
battery were identified as primary measures in 
advance of the analysis. Second, the level of 
significance was such that, even if correction for 
multiplicity were considered appropriate, a signif- 
icant result would still be found. 

It is of interest that digit-symbol substitution 
showed effects of lignocaine, while the similar 
symbol-digit task was not affected significantly. 
The most obvious difference between the two 
tasks is that the latter is automated, but another 
aspect is pacing. The pencil-and-paper digit— 
‘symbol task is paced by the subject, while the 
automatic symbol—digit task is paced automati- 
cally by the computer. Moreover, there is no 
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possibility of the subject looking ahead in the 
latter task. These factors may substantially alter 
the nature of the task [21]. 

The mechanism of the biphasic response is 
unclear. Several studies have suggested that 
performance improvements may occur with small 
doses of CNS depressants such as benzodiazepines 
[22]. These results are usually interpreted in 
terms of anxiolytic or relaxant effects. Such effects 
seem unlikely here, in view of the dose-related 
increase in tension seen with the visual analogue 
scales. 

Korttila’s results for plain lignocaine showed 
only impairments, again only with a single 
measure (cumulative reaction time test). How- 
ever, with other local anaesthetics, improvements 
occurred in some measures [2], but no effects in 
others [23]. As all these studies used single doses 
of local anaesthetics, it is not clear if these findings 
indicate differences between drugs, or if they are 
the result of assessing different parts of basically 
similar dose-response curves. 

In contrast with the objective effects of ligno- 
caine, subjective effects were apparent on a broad 
range of measures, with an obvious dose-response 
relationship. Subjects clearly felt the effects of 
both doses of the drug, the greatest effects being 
on the normal—abnormal and clearheaded— 
muzzy scales. There was no significant effect on 
the pleasant—unpleasant scale, although there 
was a slight trend towards the unpleasant end. 
Although the effect on the alert—drowsy scale 
was less marked than on abnormal or muzzy 
feelings, there was a clear indication of drowsi- 
ness, and this was apparent also from non-specific 
questioning. 

The occurrence of order effects with objective 
measures is likely to reflect the effects of practice 
on task performance. Thus the improvement in 
performance with pattern recognition tasks sug- 
gests that the initial practice session may have 
been inadequate. The statistical method used is 
valid in the presence of order effects, but some 
loss of power may occur. Practice appears to have 
been sufficient for the other measures. 

Several of the measures, for example digit- 
symbol substitution and normal—abnormal VAS, 
show a peak effect 10-20 min after commence- 
ment of the infusion, with the effect decreasing 
rapidly (although not returning to placebo levels). 
This is most likely to be caused by a peak of 
lignocaine concentration during loading, although 
rapid habituation cannot be excluded. However, 
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the latter explanation is made less likely by the 
fact that no significant difference was seen for any 
measure between 30 and 90 min. 

The steady state phase of this experiment 
should resemble conditions during recovery from 
the effects of local anaesthetics. There is evidence 
for impairment at a plasma concentration of 
lignocaine around 1.5-2 pg mg}, but not at half 
this concentration. Thus it would seem unlikely 
that concentrations of 1 pg mg“ or less would be 
associated with significant impairment. Moreover, 
the fact that the subjective effects were clearly 
evident at smaller concentrations than caused 
impairment, suggests that simply questioning 
patients should be a useful index of recovery. 
These hypotheses, however, need to be tested in 
patients recovering from such procedures and, 
preferably, compared with recovery from the 
effects of general anaesthetics. 
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PROPOFOL AND MIDAZOLAM ACT SYNERGISTICALLY IN 


COMBINATION 


T. G. SHORT AND P. T. CHUI 


SUMMARY 


We have studied interactions between i.v. propo- 
fol and midazolam for induction of anaesthesia in 
200 unpremedicated female patients undergoing 
elective gynaecological surgery. Using end- 
points of “hypnosis” (loss of response to verbal 
command) and “anaesthesia” (loss of response 
to a 5-s transcutaneous tetanic stimulus), we 
determined dose-response curves for propofol 
and midazolam alone and in combination. For 
hypnosis, synergistic interaction was found (P < 
0.01), the combination having 1.44 times the 
potency of the individual agents. Although 
midazolam failed to produce anaesthesia in the 
dose range used, the dose of propofol required to 
produce anaesthesia was reduced by 52% in the 
presence of midazolam (P < 0.01). The reduc- 
tion in arterial pressure at induction was the 
same for the combination as for the individual 
agents. The cause of the synergism was not clear, 
but may have been interaction at CNS GABA, 
receptors. 


KEY WORDS 


Anaesthetics, intravenous: propofol. Hypnotics, benzo- 
diazepines : midazolam. Induction. Pharmacology : drug inter- 
actions. 


Several i.v. agents, including thiopentone [1, 2], 
fentanyl [3] and alfentanil [4, 5] have been shown 
to act synergistically when given in combination 
with midazolam at induction of anaesthesia using 
the end-point of hypnosis (loss of response to 
verbal command) to define successful induction. 
The use of propofol in combination with mid- 
azolam has been studied also [6], but the nature of 
the sedative interactions is not known. 

In this study we examined the interaction 
between propofol and midazolam when combined 
for induction of anaesthesia at two end-points that 
correspond to hypnosis and anaesthesia. 


PATIENTS AND METHODS 


After approval from the Research Ethics Com- 
mittee of the Chinese University Faculty of 
Medicine, we studied 200 adult Chinese female 
patients who presented for elective gynaecological 
surgery and gave informed consent. Criteria for 
entry into the study were: age 18—40 yr, ASA grade 
I or II, no recent ingestion of psychotropic 
medication and weight within 20% of ideal. All 
patients were unpremedicated. 

In the first part of the study, dose-response 
relationships were established for propofol and 
midazolam given individually. One hundred and 
twenty patients were allocated randomly to 12 
groups of 10, each receiving one of seven doses of 
propofol (0.7, 1.0, 1.3, 1.6, 1.9, 2.2, 2.5 mg kg) 
or one of five doses of midazolam (0.1, 0.125, 0.15, 
0.175, 0.2 mg kg™!). The midazolam doses were 
determined from previous work undertaken by 
one of the authors [1] and the propofol doses from 
a pilot study. All drugs were injected over 10 s 
into a forearm vein, followed by flush with 10 ml 
of physiological saline. The observer was blind to 
the dose given. 

Patients were assessed for hypnosis and an- 
aesthesia 2 min after propofol and 4min after 
midazolam, these times being the approximate 
time to peak effect of each drug when given as an 
i.v. bolus. Hypnosis was assessed as failure to 
open the eyes on verbal command. In those 
patients who achieved hypnosis, anaesthesia was 
assessed as failure to respond to a standard 5-s 
transcutaneous tetanic stimulus 60-Hz, 80-mA, 
0.25-ms pulses) over the ulnar nerve—an end- 
point shown to equate to MAC for volatile 
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TABLE I. Proportions of patients achieving hypnosis and anaesthesia and mean (SD) decrease in mean 
arterial pressure (MAP) at 2 min, after each dose of propofol, midazolam or the combination 





Drug dose (mg kg!) $ 
Proportion Proportion Decrease in MAP 
Midazolam Propofol hypnotic anaesthetized (mm Hg) 
0.1 0 0.2 0 14.7 (14.3) 
0.125 0 0.3 0 18.0 (10.9) 
0.15 0 0.5 0 12.5 (12.4) 
0.175 0 0.8 0 10.9 (7.2) 
0.2 0 0.8 0 10.0 (7.1) 
0 0.7 0.1 0 12.7 (11.2) 
0 1.0 0.3 0 11.9 (8.1) 
0 1.3 0.9 0 10.9 (7.2) 
0 1.6 1.0 0.3 16.7 (9.9) 
0 1.9 1.0 0.3 12.0 (10.4) 
0 2.2 1.0 0.7 7.3 (13.6) 
0 2.5 1.0 0.9 12.5 (8.7) 
0.03 0.21 0.2 0 6.8 (5.0) 
0.04 0.29 0.4 0 11.8 (14.7) 
0.05 0.36 0.5 0 10.4 (12.1) 
0.065 0.46 0.8 0 11.6 (14.1) 
0.085 0.60 1.0 0 16.8 (9.3) 
0.10 0.71 1.0 0.1 20.3 (10.5) 
0.13 0,92 1.0 0.4 17.0 (7.6) 
0.17 1.2 1.0 0.9 15.5 (13.6) 


EDgo Hypnosis EDgo Anaesthesia 


Patients hypnotic or anaesthetized (%) 





0.7 1.0 1.3 1.6 1.9 2.2 2.5 
Propofol dose (mg kg™') 


Fig. 1. Hypnotic (C) and anaesthetic (W) (og)}dose-(probit)response relationships for propofol. The 
` ED, for hypnosis was 1.01 mg kg”! and that for anaesthesia 1.93 mg kg™?. 


anaesthetics [7]. Arterial pressure was recorded at Beginning with a combination of 50 % of the ED,, 
I-min intervals during the observation period, for hypnosis for each drug, we chose five doses 
using an automated oscillometric arterial pressure smaller than this and two doses greater, whilst 
recorder (Dinamap 1846SX, Critikon). maintaining a constant dose ratio. The doses of ~ » 
In the second part of the study, we examined propofol and midazolam, respectively, were 
propofol and midazolam given in combination. 0.21/0.03, 0.29/0.04, 0.36/0.05, 0.46/0.065, 


FN 


PROPOFOL AND MIDAZOLAM SYNERGISM 


0.60/0.085, 0.71/0.10, 0.92/0.13 and 1.2/0.17 
mg kg. Midazolam was administered 2 min 
before propofol and a further 2 min was allowed 
before assessment, so that both drugs would be 
reaching peak effect at approximately the same 
time. 

Statistical analysis was performed using analy- 
sis of variance to compare age, weight and arterial 
pressure measurements in patient groups. For 
graphical display and calculation of ED,, values 
for hypnosis and anaesthesia the log(dose)- 
response curves were linearized using probit 
transformation [8]. When the proportion of 
patients achieving hypnosis or anaesthesia was 0 
or 1.0, the data were excluded from subsequent 
analysis. 

Interactions using the hypnotic end-point were 
examined by the method of Plummer and Short 
[9]. It is an extension, to the case of non-parallel 
log(dose)}-response curves, of a method described 
by Finney in which the joint effects of drugs are 
compared under the hypotheses of additive effects 
and non-additive effects [8]. Proportions of 
patients who had achieved hypnosis with each 
treatment were converted to logits and the 
following additive model fitted to the data: 


Y = Po + Blog(T+(P-M)) (1) 


where Y = logit transformed response; T = dose 
of propofol (mg kg); M = dose of midazolam 
(mg kg"); P = relative potency at the appropriate 
effect level; fọ and £, = variables to be estimated. 
By multiplying the dose by the relative potency, 
the former is converted into the “‘equivalent”’ 
dose of propofol; thus the term T + (PM) may be 
thought of as “total propofol equivalents”’. Ana- 
logously, the term M-+(7/P) may be considered 
as “total midazolam equivalents ” denoted by Me 
and is given by: 


log(P) = B+ Bslog(M.) (2) 


where M, = M+(T/P). 


The following model describing non-additive 
behaviour was also fitted to the data: 


Y = £,+filog(T+P-M+8,(T-P-M)°*) (3) 


where f, is analogous to Finney’s coefficient of 


synergism. 
Combinations of the drugs were considered to 
be non-additive if equation (3) fitted the data 


‘significantly better than equation (1). 


The nature of the propofol—-midazolam inter- 
action for anaesthesia was examined by testing for 
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a horizontal shift in the propofol log(dose)- 
response curve in the presence of midazolam. For 
this, the proportions of patients anaesthetized at 
each dose were converted to logits, and log(dose}- 
logit(response) curves were fitted by weighted 
least squares using SPSS-X [10]. P < 0.05 was 
regarded as significant. 


RESULTS 


There were no significant differences in age or 
weight of patients among the three treatment 
groups. The mean ages of patients receiving 
midazolam, propofol and the combination re- 
spectively were 31.6, 30.5 and 30.5 yr and mean 
(sD) weights 51.0 (9.4), 50.3 (7.7) and 50.7 (8.3) kg. 
The proportions of patients that achieved hypno- 
sis and anaesthesia after each dose of propofol 
and midazolam are listed in table I. 

The propofol dose-response curves for hyp- 
nosis and anaesthesia are presented in figure 1. 
The ED, for hypnosis was 1.01 mg kg™ and that 
for anaesthesia 1.93 mg kg. The midazolam 
dose-response curve for hypnosis is presented in 
figure 2. The ED,, for hypnosis was 0.14 mg kg™?. 
No patient became anaesthetized in the midazo- 
lam group with the doses used. 

The dose-response curve for hypnosis using 
the combination of propofol and midazolam was 
compared with the dose-response curves for the 
two individual agents (fig. 3). The doses of 
propofol and propofol—midazolam combination 
were expressed as midazolam equivalents, in order 
that the curves for propofol and midazolam when 
used individually lay along the same line. The 
combination acted synergistically (P < 0.01), the 
coefficient of synergism being 0.78. This suggests 
that a dose of midazolam 0.1 mg kg™ combined 
with a hypnotically equi-effective dose of propofol 
(0.79 mg kg!) gave a response equivalent to 
midazolam 0.278mgkg? (0.14+0.1+0.078 = 
0.278) rather than midazolam 0.2mgkg as 
would be expected if the drugs were additive. 
Another way of expressing this is that, when the 
combination was used in equi-effective doses, 85 % 
of patients went to sleep using a total dose 
equivalent to that which put only 50 % of patients 
to sleep using each agent individually. 

The dose-response curves of propofol and the 
midazolam—propofol combination for anaesthesia 
are shown in figure 4. The addition of midazolam 
shifted the curve to the left (P < 0.01). The dose 
of propofol required to anaesthetize 50% of 
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EDs Hypnosis 


% Hypnotic 





0.10 0.125 0.15 0.175 0.20 
Midazolam dose (mg kg?) 


Fig. 2. Hypnotic (log)dose{probit)response relationship for midazolam. The ED,, for hypnosis was 
0.14 mg kg~!. No patient achieved anaesthesia in the dose range used. 


EDgs P+M 


% Hypnotic 





0.05 0.07 0.10 0.125 0.15 0.176 0.20 
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Fic. 3. (Log)dose-(probit}response curve for hypnosis of the propofol-midazolam (P + M) combination 
(A) compared with dose-response curves for the two individual agents (x = midazolam (M); O = 
propofol (P)). Doses of propofol and propofol-midazolam combination have been converted to 
“midazolam equivalents”. The curve for the combination is shifted significantly to the left, indicating 
a synergistic interaction (P < 0.01). With the combination 85 % of patients achieved hypnosis using a 
total dose equivalent to that which achieved hypnosis in 50 % of patients using either agent individually. 


patients was reduced from 1.93 mgkg™ to and mean arterial pressure occurred in all three 
0.93 mg kg, with the addition of midazolam treatment categories (P < 0.01), but there was no 
0.13 mg kg" at this point. correlation between increasing dose and the 

Arterial pressure measurements were analysed magnitude of change in arterial pressure for 
only up to the time of assessment of hypnosis and midazolam, propofol or the combination. The 
anaesthesia, because of the changes in arterial maximum decrease in mean arterial pressure 
pressure caused by these assessments and the occurred at 2 min for all three treatments (table I). 
variable stimuli applied depending upon the Comparing the three treatments at similar doses 
degree of sedation. A decrease in systolic, diastolic based on their hypnotic potency (proportion 
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0.71 


1.2 1.3 1.6 19 2.2 2.5 
Propofol dose (mg kg~") 


Fic. 4. Anaesthesia (log)dose-(probit)response curves of propofol (P) alone (C) and when combined 

with hypnotic doses of midazolam (P+ M). (A) The curve for the combination is shifted significantly 

to the left (P < 0.001). The addition of midazolam 0.13 mg kg™1 reduced the dose of propofol required 
to achieve anaesthesia in 50% of patients from 1.93 to 0.93 mg kg. 


hypnotic from 0.1 to 0.9) there were no differences 
in the decrease in arterial pressure among the 
three treatments. Comparing the changes in 
arterial pressure produced by propofol with the 
midazolam—propofol combination for anaesthesia 
on the same basis, there was again no difference 
between the two treatments. 


DISCUSSION 


The ED,;, values for hypnosis of 1.01 mg kg™ 
for propofol and 0.14 mgkg for midazolam 
are comparable to previously reported values 
[1, 11-13]. There are no comparative data avail- 
able for the end-point of anaesthesia as used in 
this study. With the combination, the coefficient 
of synergism was 0.87, corresponding to an EDs, 
44% less than that expected if the drugs were 
simply additive. Although we were unable to 
demonstrate any anaesthetic action of midazolam 
in the doses used, a dose approximately equal to 
its ED,, for hypnosis caused a 52 % increase in the 
anaesthetic potency of propofol. Thus, in the 
presence of propofol, midazolam acted as an 
equi-effective anaesthetic agent. 

These results parallel closely those found for 
thiopentone-midazolam combination reported 
previously. A similar shift in the dose-response 
curve for anaesthesia was observed and similar 
synergism found for hypnosis [1]. However, the 


coefficient of synergism was larger in the present 
study : 0.87, compared with 0.37 for thiopentone— 
midazolam. 

The reasons for the synergism observed are not 
clear, as little is known about the mechanism by 
which propofol causes sedation and anaesthesia. 
In a comparative study of the effects of ketamine, 
alphaxalone-alphadolone, methohexitone and 
propofol on synaptic excitations and inhibitions in 
the spinal cords of decerebrate cats, propofol was 
found to increase amplitude and time course of 
dorsal root potentials (DRP) in a manner similar 
to, but to an extent less than, methohexitone 
and alphaxalone~alphadolone. Propofol also de- 
pressed polysynaptic reflexes in a manner similar 
to ketamine [14]. The potentiation of DRP is 
thought to be a GABA, receptor mediated effect. 
It is not known what mechanism is involved with 
depression of polysynaptic reflexes, but this is an 
effect seen only weakly with barbiturates. 
Propofol has been shown also to potentiate 
duration of sleep and depth of anaesthesia in brain 
noradrenaline-depleted rat pups; this effect is also 
similar to that seen with barbiturates [15]. 
Although it has been postulated that these drugs 
produce an anaesthetic state via noradrenergic 
pathways, because there are GABA, receptors 
present as inhibitory components on nor- 
adrenergic pathways it is possible that this effect is 
also a GABA, receptor effect, reflecting GABA 
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predominance in the absence of significant nor- 
adrenergic discharge [16]. These studies provide 
circumstantial evidence of a role for GABA, 
receptors in mediating sedation caused by propo- 
fol and suggest some similarities between the 
effects of barbiturates and propofol in the brain. 

The sedative effects of benzodiazepine agonists 
such as midazolam are mediated by interaction 
with the benzodiazepine receptor component of 
the GABA, receptor complex. Receptor occu- 
pancy by a benzodiazepine agonist causes an 
increase in the affinity of the inhibitory neuro- 
transmitter GABA for its receptor, leading to 
potentiation of GABA-mediated chloride con- 
ductance and neuronal inhibition [17, 18]. Benzo- 
diazepines also have actions similar to, but 
probably less pronounced than, those described 
for propofol in the spinal cord and in nor- 
adrenergic pathways [18]. 

The possibility that the observed synergism 
was caused by alterations in drug disposition 
cannot be excluded as the pharmacokinetic profile 
of propofol has not been studied in the presence of 
midazolam. Such an interaction was found for 
propofol and fentanyl, where a 50% increase in 
the mean arterial concentrations of propofol in the 
presence of fentanyl 100 ug was observed [19]. 
However, a more recent, slightly larger study has 
failed to confirm this finding [20] and it was 
suggested that the findings of the original study 
resulted from analysing data from a small number 
of subjects with widely variable pharmacokinetic 
profiles. Another problem with suggesting the 
observed synergism was caused by a pharmaco- 
kinetic interaction is that such an explanation does 
not explain why midazolam acted as if it were an 
anaesthetic agent when combined with propofol. 

Arterial pressure was assessed only for a short 
interval after induction and this may account for 
the lack of correlation between dose of drug and 
degree of hypotension. However, the similar 
decrease in arterial pressure observed with the 
combination as with equipotent sedative doses of 
the individual drugs indicates that synergism 
extended to the hypotension that occurred at 
induction of anaesthesia. 


In summary, we have shown that the com- 
bination propofol—midazolam is synergistic when 
used in the commonly accepted dose range. For 
hypnosis, using the combination, a 44 % reduction 
in the ED,, of each agent individually was found 
and for anaesthesia the addition of midazolam 
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0.13 mg kg™ caused a 52 % reduction in the dose 
of propofol required. The results are similar to 
those found for a thiopentone-midazolam com- 
bination and are consistent with postulated actions 
for propofol at GABA, receptors. The com- 
bination may prove useful for sedation, induction 
and maintenance of anaesthesia. 
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INTRA-ARTERIAL THIOPENTONE IS DIRECTLY TOXIC 
TO VASCULAR ENDOTHELIUM 


R. D. MacPHERSON, L. J. MCLEOD AND A. J. GROVE 


SUMMARY 


Ear artery segments removed from urethane- 
anaesthetized rabbits were mounted, perfused 
with Krebs solution, and pressurized before 
constriction with extraluminal noradrenaline. 
Vessel diameter was measured using a diode 
array mounted above the artery. After the degree 
of dilatation in response to intraluminal acetyl- 
choline and glyceryl trinitrate was measured, 
vessels were perfused for 120 s with solutions of 
either 2.5-10% thiopentone or isotonic sodium 
carbonate in saline of matched pH. Administra- 
tion of thiopentone: solutions in: all concen- 
trations resulted in destruction of endothelial 
cells. The dilatation of vessels to glyceryl trinitrate 
and their myogenic reactivity was unaltered. 
isotonic solutions of sodium carbonate 
(pH 10.6) had no effect on either endothelial cell 
function or direct vasodilatation. These data 
show that administration of thiopentone removes 
arterial endothelial cells, while vascular smooth 
muscle function is essentially unaltered. 


KEY WORDS 


Anaesthetics, intravenous: thiopentone. Arteries: endo- 
thelium. Complications: arterial endothelial damage, intra- 
arterial injection. 


Accidental intra-arterial injection of thiopentone 
results frequently in compromised distal blood 
flow which often leads to tissue ischaemia and 
necrosis. Since the initial reports of this phenom- 
enon appeared more than 50 years ago [1, 2], many 
theories of causation have been advanced [3-8]. 
Some of these authors have either suggested or 
assumed that vascular damage may be part of this 
process, but definitive functional and histological 
evidence has been lacking. Furthermore, there 
has been no assessment of the importance of 
intimal damage in the overall pathological picture, 
yet it is now known that endothelial cells play a 


more important part than acting as a simple 
mechanical barrier, and have a pivotal role in 
vascular mechanics through the production and 
release of substances such as endothelium-derived 
relaxing factor (EDRF) [9], and endothelin [10]. 
Consequently, if damage to these structures were 
to occur, there may be significant effects on vessel 
diameter and reactivity which might contribute to 
the overall pathological features of thiopentone- 
induced ischaemia. The aim of this study was to 
examine the effects of thiopentone on vascular 
smooth muscle and endothelial cell function in 
the isolated rabbit ear artery. 


MATERIALS AND METHODS 


Vessel preparation 


Approval to conduct the experiments was 
granted by the Animal Ethics Committee of our 
University. New Zealand semi-lop-eared rabbits 
(1.5-2.5 kg) of both sexes, and aged 6-8 months. 
were anaesthetized with i.v. urethane 1.7 g kg™ 
and given heparin 1000u i.v. The proximal 
2-3 cm segment of the central ear artery was 
removed, avoiding contact with the vessel during 
dissection. Vessels were used within 12 h of their 
removal, stored at 2°C in Krebs solution of the 
following composition (mmol litre™!): NaCl 118; 
KCI! 4.69; NaHCO, 25; KH,PO, 1.08; CaCl, 
2.52; MgSO,.7H,O 1.05; glucose 5.55; diamino- 
ethane tetra-acetic acid (EDTA) disodium salt 
0.026. 


Perfusion apparatus and techniques 


The apparatus used (fig. 1) was that described 
by Speden [11] and Speden and Warren [12], 
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Fic. 1. Apparatus for the study of arterial reactivity. Vessels were cannulated at either end and perfused 

with Krebs solution while immersed in an organ bath to which noradrenaline solution was added. 

S trinitrate, acetylcholine and test solutions were infused P aged by means of the device 
labelled “Acetylcholine infusion pump” 


modified by the incorporation of a servo-infusion 
pump [13], governed by a Hewlett-Packard 3110B 
Function Generator, capable of maintaining con- 
stant intraluminal pressure during changes in 
resistance or vessel diameter. Arterial segments 
were transferred to a 4.2-ml prefilled organ bath, 
the proximal end mounted, tied onto a 19-gauge 
blunted cannula, and flushed out and filled with 
Krebs solution before the distal end was also 
cannulated and tied. The Krebs solution used as 
both the intraluminal perfusate and the organ 
bath exchange solution was drawn from a common 
reservoir, which was bubbled with 5% carbon 
dioxide in oxygen throughout the experiment. 
Intraluminal flow, which was monitored by means 
of a drip counter mounted distal to the outflow 
resistor (fig. 1), was set at 1 mlmin`™t. The 
intraluminal pressure was increased to 150 mg Hg 
to test for leaks, and the cannulae adjusted to 
remove any bowing, such that the final length of 
the artery approximated to that in vivo. Any 
excess connective tissue was removed and the 
servo pump adjusted to provide a pressure of 
60 mm Hg. The vessel segments, which had a 
final length between cannulae tips of 8-12 mm 
and a mean unconstricted diameter of 1.3 mm, 
were allowed to equilibrate under these conditions 
for at least 30 min. Organ bath fluid was replaced 
at the rate of 4 ml min“ and temperature was 


maintained within the limits 32-33 °C by use of 
circulating water, monitored by a digital ther- 
mometer (Analog Devices 2036-T-4112), using a 
thermocouple mounted. within the bath. 

The artery was illuminated from below with an 
Olympus LSE light source directed through a red 
filter and the external diameter of the vessel 
calculated from the width of the shadow cast by 
the tissue on a linear array of self-scanning 
photodiodes (Reticon RL1024G, U.S.A.) 
mounted at right angles to the long axis of the 
vessel. A cover slip placed across the bath well was 
used to remove the meniscus of the bath solution. 
The external diameter of the vessel was both 
monitored on an oscilloscope and recorded to the 
nearest 5 um on a chart recorder. The intraluminal 
perfusion pressure was recorded using a pressure 
transducer (Statham, P23 Db) mounted between 
the artery segment and the variable outflow 
resistor. 

Solutions of (—)-noradrenaline (Sigma) were 
prepared by dissolving it in hydrochloric acid 
0.02 mol litre"! and diluting with 0.9% sodium 
chloride solution containing EDTA 0.026 mmol 
litre?. Using a syringe pump (Model 355, Sage 
Instruments USA), the noradrenaline solutions 
were added to the extraluminal perfusate at a rate 
of 0.1 ml min“ to induce a constriction of the 
vessel of 50-60 % of maximum, calculated as 0.75 
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Fic. 2. Typical myogenic responses of the activated rabbit ear artery. A rapidly applied pressure 

increase from 60 to 80 mm Hg resulted in a prompt increase in vessel diameter. The dilatation was not 

maintained, however, and vessels are expected to constrict back their initial diameter against the pressure 
increase. 
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Fic. 3. Functional testing of endothelial cell integrity. Vessels with intact endothelium (A) typically 
demonstrate a rapid and sustained increase in diameter following infusion of acetylcholine 
2x 10-6 mol litre-!. After endothelial removal (B), this response is not observed. 


of the initial unconstricted diameter at a pressure 
of 60mm Hg. The final concentration of nor- 
adrenaline in the bath was 0.350-0.475 pmol 
litre}, 


Assessment of vascular muscle and endothelial cell 
function 


After equilibration and activation with 
extraluminal noradrenaline, vessels were sub- 
jected to three separate procedures to assess their 
reactivity and viability. The myogenic reactivity 
of the vessel was assessed by its response to 
pressure jump increases produced using the 
Hewlett-Packard Waveform generator. Pressure 
within the vessel was increased from 60 to 
80 mm Hg within 500 ms and maintained at that 
value for 120s, before returning to the starting 
pressure. Vessels are expected to return to at least 
80% of their initial diameter (D,) despite the 
pressure increase (fig. 2). The presence of a 
functional endothelium was confirmed by a rapid 
and sustained dilatation following the addition of 
acetylcholine chloride solution (Sigma) to the 
intraluminal perfusate, in a final concentration of 
2x 10~¢ mol litre! (fig. 34). The response of the 


vessel to endothelium-independent vasodilators 
was determined by measurement of the degree of 
dilatation following the administration of glyceryl 
trinitrate 2 x 10~® mol litre"! (DBL Laboratories). 

Solutions of thiopentone were prepared by 
diluting ampoules of Pentothal 0.5 g (Abbott) 
with the accompanying dilutent (Water for Injec- 
tions) to produce concentrations of 2.5, 5 and 
10 % (w/v). Additionally, a control solution in the 
form of an isotonic solution of matched pH (10.6) 
was prepared by the addition of an appropriate 
amount of anhydrous sodium carbonate (Analar) 
to a sodium chloride solution. 

After 30 min, intraluminal Krebs perfusate was 
ceased, and 10 ml of the selected solution of either 
thiopentone or sodium carbonate buffer was 
infused over 2 min. Care was taken not to allow 
air to come into contact with the vessel at any time 
throughout the procedure. At the conclusion of 
the 2-min period, a small amount of Krebs 
solution was flushed through the side line to 
remove any of the test solution remaining in the 
vessel and the Krebs perfusion was recommenced. 
The vessel was allowed to re-equilibrate for 
30 min before infusions of acetylcholine and 
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TABLE I. Mean (SEM) vascular responses to glyceryl trinitrate 2x 10-* mol litre"! before and after 
infusion of either thiopentone or control solution. D, = vessel diameter before noradrenaline activation ; 
D, = diameter after addition of noradrenaline ; De = diameter after intraluminal acetylcholine 








Before infusion After infusion 
Infusion 
solution Dom) D (m) D, üm) D, (m) D, (um) 
Control (n = 9) 1334 (8) 881(31) 1186 (35) 871 (38) 1169 (47) 
Thiopentone 
2.5% (n= 7) 1305 (7) 961(24) 1156 (39) 893 (33) 1121 (37) 
5.0% (n=5) 1327 (18) 837 (4) 1116 (84) 883 (84) 1156 (25) 
10.0% (n = 5) 1324 (11) 919(53) 1213 (39) 863(54) 1165 (35) 





Taare II. Mean (SEM) vascular responses to acetylcholine 2 x 10-* mol litre" 1 before and after infusion of 
either thiopentone or control solution. D, = vessel diameter before noradrenaline activation; D,= 
diameter after addition of noradrenaline ; D, = diameter after intraluminal acetylcholine 








Before infusion After infusion 
Infusion 
solution D,(um) D,(um) D,(um) D,(@m) OD, (um) 
Control (n = 9) 1334 (8) 885 (48) 1227 (36) 877 (40) 1189 (33) 
Thiopentone 
2.5% m=) 1305 (7) 953 (26) 1231 (41) 894(45) 923 (43) 
5.0% (n = 5) 1327 (18) 993(54) 1305(15) 975(53) 988 (54) 
10.0% (n = 5) 1324(11) 909(61) 1196(66) 850(48) 909 (43) 


glyceryl trinitrate, and tests of myogenic reactivity 
detailed above were repeated. At the conclusion of 
each experiment, vessel segments were sent for 
microscope studies. 


RESULTS 


Arterial diameter was monitored and recorded 
(um) throughout the experimental procedures, 
and the following variables were calculated for 
each vessel: 

(1) The diameter of the vessel after mounting but 
before addition of noradrenaline solutions. This 
diameter represents maximum possible dilatation, 
and is referred to as the opening diameter (D,). 
(2) The diameter of the vessel after noradrenaline 
activation but before addition of vasodilator test 
substances, referred to as the initial diameter (D,). 
(3) The diameter following the addition of vaso- 
dilating substances, the final diameter (D,). From 
these variables, a term may be derived which 
reflects the degree of dilatation following addition 
of vasodilator drugs relative to the maximum 
possible dilatation. This is referred to as per- 


‘2 -centage dilatation; it is calculated as (D,—D,)/ 


(D,—D,), and expressed as a percentage. 
Twenty-six artery segments were removed from 


11 rabbits and exposed to either control solutions 
of sodium carbonate (n = 9), or thiopentone in 
concentrations of 2.5% (n = 7), 5.0% (n = 5) or 
10.0% (n=5). These segments (n = 26) had a 
mean unconstricted diameter (D,) of 1322 (SEM 
5.5) um. After constriction with noradrenaline, 
infusion of glyceryl! trinitrate solution resulted in 
an increase in diameter of 272 (19) um—from 
901 (18) um (D,) to a mean D, of 1167 (31) pm. 
After administration of test solutions, vessels 
maintained their capacity to constrict to noradren- 
aline stimulation and there was no alteration in 
their response to glyceryl trinitrate (table I) 
irrespective of the solution used, demonstrating 
that, functionally, smooth muscle reactivity was 
unaltered. In response to acetylcholine (table IT), 
the degree of dilatation before administration of 
test solutions was similar to that with glyceryl 
trinitrate, with a mean overall increase in diameter 
of 308 (20) pm—from D, 929 (24) um to D, 1239 
(21) um. There was no significant change in 
response to acetylcholine after administration of 
isotonic control solutions, but in vessels perfused 
with thiopentone in concentrations of 2.5% or 
greater, the mean diameters after acetylcholine 
administration were significantly less (fig. 3B). 
These changes in diameter are presented in table 
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TABLE III. Percent dilatation of artery segments (mean (SEM) to acetylcholine (Ach) and glyceryl 
trinitrate (GTN) before and after treatment with infusion solutions 








Ach GIN » 

Infusion T 
solution Before (%) After (%) P Before (%) After (%) P 
Control (n = 9) 79 (5.7) 68 (7.2) ns 70 (5.6) 68 (9.3) ns 

Thiopentone 

2.5% (2 = 7) 80 (11.8) 7.3 (1.5) <0.05 57 (10.8) 52 (8.0) ns 
5.0% m=5) 93 (2.1) 4.1 (1.4)  <0.05 57 (4.3) 58 (5.8) ns 
10.0% (n = 5) 76 (13.2) 12 (2.1) <0.05 77 (9) 67 (5) ns 





Fic. 4. Photomicrographs of rabbit ear artery sections. A: After mounting, noradrenaline activation and 

Krebs perfusion for 30 min, endothelial cella are clearly visible. B: After perfusion with 2.5% 

thiopentone for 120 s, endothelial cells have been removed and the internal elastic lamina is exposed. c: 

After perfusion with control solution for 120 8, endothelial cells are undisturbed. Specimens were fixed 

in gluteraldehyde, postfixed in osmium tetroxide and embedded in Epon before staining with toluidine 
blue. Horizontal bar represents 100 um. 


III in terms of percentage increase in dilatation. alterations in response to acetylcholine. Percent 
In vessels exposed to thiopentone in all con- dilatation decreased from 80 (11.8)% to 7.3 a ~> 
centrations, response to glyceryl trinitrate was (1.5)% after infusion of the 2.5% solution, from 
unchanged. However, there were significant 93(2.1)% to4(1.4) % after administration of 5% 
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solution, and from 76 (13.2) % to 12 (2.1) % after 
administration of 10% solution. As the dilatation 
response to acetylcholine is known to be de- 
pendent on release of EDRF from an intact and 
functional endothelium [9], these results indicate 
that the reactivity of these cells has been ef- 
fectively destroyed by thiopentone solutions. This 
was confirmed anatomically by microscope studies 
(fig. 4). There was no difference in vascular 
structure after administration of control solution 


(fig. 4). 


DISCUSSION 


The pathogenesis of arterial occlusion, ischaemia 
and tissue necrosis seen after intra-arterial in- 
jection of thiopentone has yet to be resolved fully. 
Of the many theories advanced, the contemporary 
view held most widely seems to be that pre- 
cipitation of thiopentone in the arterial tree 
initiates an inflammatory reaction and arteritis [8] 
which, coupled with the microembolization that 
follows [5], eventually results in occlusion of the 
distal circulation. These conclusions have been 
reached mainly using laboratory studies [4-7], 
confirmed to some degree by examination of 
vessels in limbs removed surgically [8]. Experi- 
ents studying intra-arterial thiopentone have 
ften used the rabbit ear artery and the procedures 
dopted here, in terms of thiopentone concentra- 
ions and duration of administration, were de- 
signed to parallel the methods used in these earlier 
studies [7, 14, 15] to allow comparison of results. 
Because of the complex and time-dependent 
pathological picture seen after intra-arterial ad- 
ministration of thiopentone, it is difficult to 
determine which of the events have been initiated 
by the thiopentone per se and which are at- 
tributable to the general inflammatory response 
which follows. While it would appear that it is the 
latter process which accounts for the eventual 
arteritis, these experiments have shown that 
concentrations of thiopentone as small as 2.5% 
had direct toxic effects in that they were capable of 
removing vascular endothelial cells and exposing 
the underlying intimal layer, the process being 
essentially complete within 120s. In common 
with the findings of others [4, 14], there was no 
alteration in vessel function or microstructure 
after administration of isotonic control solutions 
buffered to pH 10.6, confirming that vascular 
effects were secondary to thiopentone and not to 
the alkalinity of the injectate. 
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Thiopentone, even in large concentrations, had 
no direct effect on the smooth muscle structure 
and function ; vascular segments remained capable 
of constriction to noradrenaline and dilatation to 
non-endothelium dependent vasodilators such as 
glyceryl trinitrate, and the myogenic respon- 
siveness of the vessels was also unchanged. It is 
unusual that thiopentone should have such a 
destructive effect on endothelial cells, while 
leaving smooth muscle function unaffected. In 
laboratory procedures in which vascular endo- 
thelium is removed by chemical means, sub- 
stances such as collagenase [16], saponin [17] or 
the detergent CHAPS [18] are used commonly, 
often with poor results, as they frequently either 
fail to remove endothelial cells, or result in damage 
to underlying muscle. 

Earlier, it was proposed [4,19] that arterial 
spasm was responsible for thiopentone-induced 
gangrene, a theory which has now been discarded. 
However, it is now known that many vessels 
display a basal level of flow-induced release of 
EDRF [20, 21], which antagonizes constrictor 
activity of circulating catecholamines. In this 
series of experiments, as in earlier studies [22], 
removal of the endothelium resulted in a con- 
sistent, although statistically insignificant, de- 
crease in vessel diameter to the same concentration 
of extraluminal noradrenaline. Vascular prep- 
arations in which endothelial cells have been 
removed have been shown to be more sensitive to 
the effects of some inflammatory mediators and 
vasoconstrictor agents [23] and as it has been 
demonstrated that significant amounts of throm- 
boxane are released after intra-arterial ad- 
ministration of thiopentone [15] and that platelet 
aggregation, a process which results in the 
production of a wide range of vasoactive sub- 
stances, occurs after thiopentone and blood ad- 
mixture in vitro [6], it is likely that there is a 
reduction in vessel diameter by the direct stimu- 
lation of vascular smooth muscle by inflammatory 
mediators. 

This constriction does not constitute a 
“spasm”, but it does lead to the conclusion, by 
application of Poiseuille’s Law, that flow would 
be considerably impeded in thiopentone affected 
vessels where the endothelium has been removed, 
further compromising tissue perfusion. 

It is accepted generally that the risk of initiating 
vascular damage with intra-arterial thiopentone 
increases with increasing concentration of the 
drug [24], and that use of the 2.5% solution is 


552 


relatively safe [25]. Indeed, there have been only 
occasional case reports of gangrene after intra- 
arterial injection at this strength [26], with most 
cases being reported after the use of more 
concentrated solutions. Nevertheless, 2.5% solu- 
tions of thiopentone are capable of endothelial cell 
destruction. 

In terms of treatment of the sequelae of 
thiopentone-induced injury, results of these 
experiments suggest that any strategy which 
utilizes endothelium-dependent vasodilatation to 
enhance flow in thiopentone-affected vessels is 
likely to be less effective than methods which 
are not dependent on an intact and functional 
endothelium. 


In summary, we have shown that solutions of 
thiopentone of 2.5% and above acted directly to 
destroy vascular endothelial cells after a 120-s 
exposure. Vascular smooth muscle function was 
unaffected, and solutions of isotonic anhydrous 
sodium carbonate buffer of pH 10.6 had no effect. 
After intra-arterial administration of thiopentone, 
endothelial cell destruction and subsequent ex- 
posure of the intimal surface may be important 
processes in attenuating vessel diameter, by 
eliminating vascular release of EDRF and 
initiating or promoting thrombus formation, re- 
spectively. 
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JUGULAR BULB CANNULATION: DESCRIPTION OF A 
CANNULATION TECHNIQUE AND VALIDATION OF A 
NEW CONTINUOUS MONITOR 


P. J. D. ANDREWS, N. M. DEARDEN AND J. D. MILLER 


SUMMARY 


We have compared in vivo oxygen saturation 
recordings obtained from the Oximetrix 3 with in 
vitro measurements using the Instrumentation 
Laboratories 282 Co-Oximeter. The small mean 
difference (0.85%) and close limits of agreement 
(—4% to 6%) are close enough for clinical 
purposes, provided in vivo calibration is per- 
formed after insertion of the fibreoptic catheter 
and repeated at least every 12 h. Continuous 
monitoring of jugular bulb oxygen saturation 
during intensive care of brain injured patients is 
now possible using fibreoptic technology. This 
technique may be of value in detecting global 
ischaemia, and as a predictor and monitor of 
cerebral perfusion pressure therapy. 


KEY WORDS 


Brain: head injury, ischaemia. Equipment: continuous in vivo 
oximetry. Monitoring: jugular buib oxygen saturation. 


The potential advantages of monitoring jugular 
venous oxygen saturation (Sjvo,) in intensive care 
management of severely head injured patients 
include: detection of impending global cerebral 
ischaemia [1], monitoring the effects of increasing 
intracranial pressure (ICP) on cerebral blood 
flow: cerebral metabolic rate ratio (CBF: CMR) 
{2, 3] and monitoring the effect of therapeutic 
interventions [4-6]. 

Continuous recording of Sjvo, would be su- 
perior to intermittent sampling for detection of 
ischaemic events and monitoring therapy for 
increased ICP [7]. However, currently available 
reflectance spectrophotometric catheters have 
only been evaluated and verified with transmission 
oximetry in vitro, in the pulmonary artery [8, 9] 
but not in the jugular bulb. 

The aim of this study was to compare con- 
tinuous Sjvo, recordings from the 40-cm Shaw 


Opticath and Oximetrix 3 Computer, by com- 
parison with intermittent anaerobic samples 
measured on the ILS Co-Oximeter 282 and to 
determine any drift in the continuous Sjvo, 
readings over 24h. 


PATIENTS AND METHODS 


We studied 25 patients with severe head injury 
(admission, after resuscitation, Glasgow Coma 
Score of 8 or less) treated on the neurosurgical 
ICU with sedation (phenoperidine and midazolam 
infusions), paralysis and IPPV to mild hypocapnia 
(Pago, 3-5-4 kPa). 


Oximetrix 3 System 

The Oximetrix 3 System (OX3) is an in vivo 
reflection spectrophotometric oximeter. The sys- 
tem includes a processor, optical module and a 
fibreoptic catheter. A pulmonary artery catheter, 
a 25-cm and a 40-cm catheter are available. We 
have studied the Shaw Opticath 40-cm catheter 
with this system, which uses three wavelengths of 
light to calculate two reflected light intensity 
ratios; this is superior to two-wavelength systems 
[9]. Light of red and near infra-red wavelengths is 
transmitted down the catheter at l-ms intervals 
and absorbed, reflected and refracted by the 
adjacent red blood cells. Reflected signals from a 
photoelectric sensor are averaged for the previous 
5 s and updated every 1 s. A Digital Signal Filter 
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rejects artefact caused by the catheter tip hitting 
the vessel wall. 


Catheter insertion 


Cerebral blood drains from the intracranial 
venous sinuses into the sigmoid sinuses and 
thence into the internal jugular veins via the 
jugular foramina. The bulbous dilatation of the 
jugular vein just below the base of the skull thus 
contains cerebral venous blood. It is usually the 
biggest vein in the neck. The right jugular vein is 
usually larger than the left and is generally 
believed to drain most of the blood from the 
cerebral hemispheres with blood from the pos- 
terior fossa contents draining into the left vein. It 
descends in contact with the lateral side of the 
internal and common carotid arteries, enclosed 
with them and the vagus nerve in the carotid 
sheath. It ends posterior to the medial part of the 
clavicle by joining the subclavian vein to form the 
brachiocephalic vein. Numerous extracranial 
veins join the internal jugular vein throughout its 
passage in the neck: inferior petrosal sinus; 
pharyngeal plexus; facial vein; lingual vein; 
superior thyroid veins; middle thyroid vein; 
jugular lymph trunk. Therefore, to monitor the 
SjVo, of cerebral blood correctly, the catheter tip 
must be placed high in the bulb. 

Contraindications to this technique include 
bleeding diathesis, local infection, local neck 
trauma or any impairment to cerebral venous 
drainage. 

In the normal brain, measurement of jugular 
bulb oxygen saturation is similar whether the left 
or right side is used [10]. In the abnormal brain it 
has been recommended to use the vein ipsilateral 
to the major pathology [2]. However, as cerebral 
venous drainage varies, the side of predominant 
cerebral venous drainage should probably be 
chosen for optimal Sjvo, monitoring in preference 
to the side of intracranial pathology. To ascertain 
the predominant side, patients are positioned with 
10-15° of head-up tilt with the head in mid- 
position. The effect of temporary manual oc- 
clusion of both veins on intracranial pressure and 
cerebral perfusion pressure (CPP) is noted. Before 
occlusion, baseline recordings of the above 
variables are taken. Then, in turn, right and left 
veins are occluded with repeated readings of ICP, 
arterial pressure and CPP before, during and after 
occlusion. If the maximum change in ICP is the 
same, the side of the lesion (main lesion by CT 
scan) is used or, in diffuse injury, the right side. 
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Patients are then placed flat (provided ICP 
remains less than 20mm Hg) with the head 
tipped slightly away from the side of insertion. 
The neck and upper thorax are prepared with 
antiseptic solution. The carotid artery is palpated 
on the appropriate side medial to sternocleido- 
mastoid muscle at the level of the inferior border 
of the thyroid cartilage. Local anaesthetic is 
infiltrated into the skin lateral to carotid pulsation. 
The internal jugular vein is cannulated per~ 
cutaneously by advancing a needle from this 
insertion point towards the external auditory 
meatus. After successful cannulation, a 14~French 
gauge Vygon Leadercath is inserted using a 
Seldinger technique to act as an introducer, and 
flushed with heparinized saline. 

The 40-cm Shaw Opticath is connected to the 
optical module and a pre-insertion calibration 
performed to test the integrity of the system. The 
catheter is withdrawn gently from the reference 
optical cuvette and the sampling port connected 
to the heparinized saline flush. The Opticath is 
now advanced into the internal jugular vein 
through the 14-French gauge introducer, to avoid 
kinking of the catheter in the neck, until the tip is 
felt to abut on the base of the skull or 15 cm of 
catheter has been inserted. The introducer is then 
withdrawn carefully over the Opticath, thereby 
avoiding displacement. The system is secured 
with sutures and a sterile dressing applied. 

The position of the Opticath is checked radio- 
logically to verify optimal placement of the 
catheter tip in the jugular bulb, above the lower 
border of C1, and to detect kinks in the catheter. 
This placement minimizes contamination from 
extracranial feeding vessels and reduces the risk of 
the catheter tip abutting against the base of the 
skull or the vessel wall. 


Procedure 


A Shaw Opticath was inserted into the internal 
jugular vein on the side of maximum change in 
ICP on jugular occlusion. The jugular occlusion 
test was then repeated and the catheter was left in 
situ only if the difference (before and after 
insertion) in maximum ICP during manual oc- 
clusion of the vein opposite to cannulation was 
less than 5 mm Hg. 

Before insertion, the Shaw Opticath was cali- 
brated against a reference cuvette provided with 
the catheter. Subsequent reflected light intensity 
ratios during i vivo monitoring were then 
compared with this standard. Pre-insertion cali- 
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by Co-Oximeter vs Oximetrix 3, showing 


a poor correlation with a wide scatter after pre-insertion calibration. Right: Plot of mean jugular venous 
oxygen saturation vs the difference between the two methods of measurement, demonstrating over- 
reading by the Oximetrix 3. 


bration acts as a check of the entire system. After 
correct placement of the catheter tip had been 
established by radiographs or an image intensifier, 
a light intensity calibration (monitoring of cath- 
eter position in the blood vessel, detection of 
obstruction of the catheter and artefact caused by 
vessel wall) was performed and subsequent light 
intensities displayed continuously. The resultant 
Sjvo, recordings were compared with anaer- 
obically taken samples measured on an ILS 
Co-Oximeter, after which an im vivo calibration 
was made matching OX3 recordings with those 
from an in vitro transmission co-oximeter. How- 
ever, after in vivo calibration, the system must 
make the assumption that the oxygen saturation 
lies on a curve in the middle of a range of light 
intensity ratios and if the physiological variables 
(pH, temperature and PCV) change, the sub- 
sequent reflected light intensity ratio reflects a 
wider range of Sjvo, values than is obtained using 
the pre-insertion standard reference. A light 
intensity calibration is performed automatically 
with in vivo calibrations. 

The Co-Oximeter was maintained regularly 
and calibrated and standardized daily to known 
reagents. 

An in vivo calibration was performed daily to 
assess drift. During the intervening 24-h period, 
regular samples were measured on the in vitro Co- 
Oximeter and compared with the measurements 
from the optical catheter. The observer analysing 
the anaerobic samples (in vitro measurement) was 
blind to the recordings from Oximetrix 3 (in vivo 


continuous recordings). Carboxyhaemoglobin 
and methaemoglobin concentrations were less 
than 2% during the study. 


Statistics 


The two methods of measurement were com- 
pared using linear regression [11] and the tech- 
nique of analysis for method comparison studies 
described by Altman and Bland [12]. This 
evaluates agreement between the two methods of 
measurement. 


RESULTS 


All cannulation attempts were successful and no 
complications were observed. Two hundred and 
eleven paired recordings were taken in 25 patients 
using 26 catheters. 

Following pre-insertion calibration, there was 
significant correlation (r = 0.61, P < 0.001, n= 
26) between jugular saturation measurements by 
the two methods. However, the large mean 
difference in saturation between the two methods 
of measurement (d, — 10.8%) (Co-Oximeter— 
Oximetrix 3; the data were normally distributed), 
and the wide limits of agreement (d+1.96 x sp of 
d) (LA, —37 to 11%) are unsatisfactory for 
clinical measurement. There was bias following 
pre-insertion calibration, the catheter over-read- 
ing (95 % confidence interval of bias (d+ (tx SEM 
d) (CIB) —17.7 to —7.7%) (fig. 1). 

After in vivo calibration, fluctuations in OX3 
recordings closely correlated with the Co-Oxim- 
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eter (fig. 2, regression line with 95% confidence 
and prediction interval [11]) over a period of 24h 
(r = 0.91, P = 0, n = 185). 

Paired recordings were analysed in four time 
epochs following im vivo calibration and agree- 
ment and bias calculated: 0-6h LA —4.6 to 
5.8%, CIB 0.38 to 1.8%; 612h LA —4.5 to 
5.2%, CIB —0.05 to 1.7%; 12-18h LA —9 to 
10.6%, CIB —2.2 to 3.7%; 18-24 h LA —8.7 to 
11.7% and CIB 0.2 to 2.8% (fig. 2). 

During the first 12 h after in vivo calibration the 
mean difference was small, 0.85%, and the limits 
of agreement close enough for clinical purposes 
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Fic. 2. Left: Plot of jugular venous oxygen saturation (Sjvo,) by Co-Oximeter vs Oximetrix 3, showing 

a good correlation with a narrow scatter following in vivo calibration. Ninety-five percent confidence 

(CI) and prediction (PI) intervals are shown. Right: Plot of mean jugular venous oxygen saturation vs 

the difference between the two methods after in vivo calibration, demonstrating close limits of agreement 
and no bias. 


(—4.5% to 5.2%, n = 105) with no bias (CIB, 0.3 
to 1.7%). However, after 12 h, the mean difference 
remained small (d = 0.75%), but agreement be- 
tween the two methods of measurement de- 
teriorated (LA —8.7 to 11.7%, n = 80). No bias 
was noted (CIB —0.8 to 2.8%). Recalibration is 
therefore recommended every 12h (fig. 3). 

After in vivo calibration, change in PCV, 
hydrogen ion concentration or temperature may 
affect the agreement between the two systems. 
Two-way analysis of variance (ANOVA) of the 
change in temperature, PCV and hydrogen ion 
concentration (change over 24-h period from the 
value obtained at in wivo calibration) failed to 
demonstrate a significant contribution from any of 
these physiological factors to the difference in 
saturation recordings and deterioration in agree- 
ment between the recordings from these two 
systems. 

We have now used this system to monitor Sjvo, 
for 113 days in 25 patients. In the majority of head 
injury patients, Sjvo, remained at 50-70%. 
Ischaemic values (< 40%) of Sjvo, were en- 
countered during hyperventilation, after focal 
severe head injury, after evacuation of intracranial 
haematoma and during plateau waves. Desatur- 
ation was seen during episodes of systemic 
hypotension and arterial hypoxaemia and 
occasionally with hypnotic therapy. 

Increased ICP (without plateau waves) may be 
associated with an increased (> 75%) or normal 
SjVo,, Our current view is that increased ICP 
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associated with hyperaemia responds best to 
hyperventilation, hypnotic therapy, or both. It is 
most frequent in children with diffuse head injury 
occurring predominantly in the first 48h after 
trauma. However, our experience in adults is that 
increased ICP associated with hyperaemia usually 
reflects a secondary cause. In the majority of adult 
patients with increased ICP not arising from 
secondary causes, Sjvo, is in the normal range. In 
these patients, mannitol appears to be the most 
effective therapy. In any event, ICP reduction 
therapy with hypnotic agents or mannitol must 
produce a sustained increase in CPP. In our 
experience, successful ICP reducing therapy (in- 
creasing CPP) is invariably associated with record- 
ings of increased Sjvo,. 


DISCUSSION 


The principal reason for poor agreement between 
the two methods of measurement following in 
vitro calibration may be related to blood flow 
around the catheter. During measurement of Svo, 
in the pulmonary artery, for which the instrument 
was designed, blood is flowing away from the tip 
of the optical fibres and the blood is pulsatile. In 
the case of the jugular bulb, blood is flowing 
towards the catheter and is much less pulsatile. 
This creates different conditions for the reflection 
of light and thus the apparent difference in 
accuracy observed between Svo, and Sjvo, 
measurement after in vitro calibration. 

Several factors could account for the difference 
in saturation recordings between the two methods 
after in vivo calibration: 

(1) Kinking of the catheter may produce 
spurious recordings without causing a light in- 
tensity alarm. Kinking can occur both within and 
outside the patient. When the coil is within the 
internal jugular vein, this can be detected only by 
x-ray. This occurred after 24h in two of our 
patients and may have developed because the 
catheter was tethered at the skin and lateral 
rotation of the patient’s head resulted in the base 
of the skull deflecting the catheter down the vein. 
Coiling may have resulted because the catheter 
expands and lengthens as it warms up. Kinking 
results in non-physiological swings in Sjvo, 
without a change in light intensity. If this occurs, 
lateral neck radiograph should be performed to 

k exclude coiling within the internal jugular vein. 

(2) After in vivo calibration, change in PCV, 

hydrogen ion concentration or temperature may 
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affect the agreement between the two systems. 
However, ANOVA of the change in temperature, 
PCV and hydrogen ion concentration failed to 
demonstrate a significant contribution to the 
difference in saturation recordings. 

(3) The deterioration with time may be a result 
of fibrin or clot deposition. All catheters are 
flushed continuously with heparin 2 iu ml" at 
3 ml h~. 

Most studies to date report results from in- 
termittent sampling. Obrist and others [14] found 
luxury cerebral perfusion in 55% of head injured 
patients, and of those with increased intracranial 
pressure, 77 % had increased Sjvo, recordings and 
decreased arterio—jugular venous oxygen concen- 
tration difference (corrected for Pago,). We report 
a lower incidence (12% over all) of hyperaemia, 
probably related to differences in management 
regimens and errors with intermittent sampling. 
In reports of head injured patients with increased 
ICP, hyperventilation produced ischaemia in 
some patients [4], as did hypnotics [5], and this is 
in accordance with our findings. As different 
treatment regimens are likely to be effective in 
certain subgroups of head injury [6], Sjvo, 
monitoring could be useful to monitor the efficacy 
of therapy and probably predict which treatment 
might be most effective, thus avoiding potentially 
harmful therapeutic manoeuvres. 

The pre-insertion calibration of OX3 was 
designed for use with pulmonary artery catheters. 
In previous studies, correlation between pre- 
insertion calibration and im vitro measurements 
was reported as r=0.994 [8,9]. After pre- 
insertion calibration with the jugular catheter, 
OX3 over-reads. Thus, while pre-insertion cali- 
bration is useful as a check of the integrity of the 
system, in vivo calibration is essential before 
measurement of Sjvo, and must be repeated at 
least every 12 h. 
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KETAMINE FOR CAUDAL ANALGESIA IN CHILDREN: 
COMPARISON WITH CAUDAL BUPIVACAINE 


M. NAGUIB, A. M. Y. SHARIF, M. SERAJ, M. EL GAMMAL AND 


A. A. DAWLATLY 


SUMMARY 


Fifty children undergoing inguinal herniotomy 
were allocated randomly to three groups to 
receive a caudal injection of either 0.25% bupiv- 
acaine 1 mikg with or without ketamine 
0.5 mg kg~ or ketamine 0.5 mg kg~ with normal 
saline 1 ml kg. There was no significant dif- 
ference in quality of pain relief, postoperative 
behaviour or analgesic requirements between 
the ketamine group and the two other groups. 
The bupivacaine-ketamine mixture provided bet- 
ter analgesia than the bupivacaine solution alone. 
Side effects such.as motor weakness or urinary 
retention were not observed in the ketamine 


group. 


KEY WORDS 


Analgesia: paediatric, postoperative. Analgesics: ketamine. 
Anaesthatic techniques: caudal. Anaesthetics, local: bupiv- 
acaine. 


Caudal analgesia with bupivacaine is used com- 
monly for pain relief in children [1]. More 
recently, the use of caudal morphine has been 
extended to children and has also been demon- 
strated to result in good analgesia [2], but has 
been associated with side effects, in particular, 
delayed respiratory depression [2, 3]. 

Ketamine has analgesic properties which are 
mediated by different mechanisms. Analgesia 
after periaqueductal administration of ketamine 
and its antagonism by naloxone suggested an 
opioid mechanism of analgesia [4]. This was 
disputed by Tung and Yaksh, who found that 
analgesia was reversed by methysergide but not 

i by naloxone, suggesting a serotonergic mechanism 
[5]. Further, it has been shown that ketamine and 
phencyclidine selectively reduced responses of 


central neurones to N-methyl-aspartate [6], but 
this effect is not known to mediate analgesia. 

Animal experiments [7] showed that intrathecal 
administration of ketamine preserved with 
benzethonium chloride was not associated with 
evidence of macroscopic or microscopic abnor- 
malities in the spinal cord. Ketamine produces 
potent analgesia [8] without respiratory depres- 
sion [9] and would therefore seem to be a suitable 
drug for pain relief. Extradural administration of 
ketamine has been studied by several investigators 
[10, 11] as an alternative to local analgesics and 
opioids, which are not ideal by virtue of their 
unwanted side effects [2, 3, 12, 13]. Extradural 
ketamine seemed to be a potent and safe method 
for postoperative analgesia in adults [10, 11]. 

This double-blind study was designed to com- 
pare the analgesic effectiveness of caudal ad- 
ministration of ketamine, bupivacaine or a mix- 
ture of both drugs in the treatment of pain after 
herniotomy in children. 


PATIENTS AND METHODS 


Institutional Review Board approval and in- 
formed consent from parents or guardians were 
obtained. We studied 50 boys, ASA physical 
status I, undergoing unilateral inguinal herni- 
otomy. Patients were excluded from the study if a 
history of allergic reactions to local anaesthetics, 
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TABLE I. Patient data and duration of surgery (median (range or SE median)) 
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Bupivacaine 
group (n = 20) 
Age (months) 36 (24-84) 
Weight (kg) 14.6 (0.9) 
Duration of surgery (min) 30 (4.3) 


Bupivacaine-ketamine Ketamine 
group (1 = 15) group (1 = 15) 
42 (20-72) 36 (24-72) 
15 (0.7) 16 (0.3) 
30 (5.7) 40 (2.8) 





bleeding diathesis, aspirin ingestion in the pre- 
ceding week, or pre-existing neurological or spinal 
disease were present. >» 

No premedication was given and all operations 
were carried out under general anaesthesia, in- 
duced with thiopentone 5—6 mg kg" i.v. or with 
inhalation of nitrous oxide and halothane in 
oxygen. In all patients, anaesthesia was main- 
tained with 70% nitrous oxide and halothane in 
oxygen delivered via an Ayre’s T-piece with 
spontaneous ventilation. No intraoperative seda- 
tives or opioids were administered. 

After induction of general anaesthesia, patients 
were allocated randomly to one of three groups. 
Children in group I received a caudal injection of 
plain 0.25% bupivacaine 1 ml kg. Group II 
received an identical local anaesthetic dosage 
mixed with ketamine 0.5 mg kg and group III 
received caudal ketamine 0.5 mg kg™! in 0.9% 
sodium chloride using the same weight-related 
volumes. All blocks were performed by one 
investigator with the patient in the left lateral 
position, using a 23-gauge needle under sterile 
conditions. Ketamine with benzethonium chlor- 
ide as the preservative was used. A small Elasto- 
plast dressing was placed over the site of sacral 
hiatus in all patients. 

After administration of the caudal block, heart 
rate and pulse oximetry were monitored con- 
tinuously and arterial pressure was monitored 
every 5 min by an electronic oscillotonometer. 

After operation the duration of surgery was 
noted and the patient was transferred to the 
recovery room. All patients were observed for 2 h 
in the recovery room before returning to the ward. 
When the child was awake, objective pain assess- 
ments, ventilatory frequency, arterial pressure 
and heart rate were recorded by one investigator 
unaware of the treatment given. Assessments were 
made at 15-min intervals for the first 1 h, 30-min 
intervals for the next 1 h and 3, 4, 6 and 24 h after 
recovery from anaesthesia. The observer scored 
pain on each occasion with reference to a three- 
point scale (none/insignificant pain; moderate 


pain; severe pain) and demeanour was scored 
similarly (cheerful and calm; restless; tense or 
tearful). Side effects were recorded by the ob- 
server in addition to the time at which analgesia, 
if any, was first received (recovery—analgesia 
time), and the total number of analgesic doses 
required in the first 24h after operation. The 
patient’s ability to stand unaided was assessed 6 h 
after operation. 

Postoperative analgesia (paracetamol supposi- 
tory 125 mg) was prescribed for each patient and 
was given as required at the discretion of the 
nursing staff, who were unaware of the group 
allocation of the patients. 

Further assessment 24h after operation was 
made by nurses and mothers. They were asked to 
assess the child’s behaviour at bed time on the day 
of operation and on the following morning, with 
respect to pain and quality of overnight sleep. 


Data processing 


All statistical analyses were carried out using 
BMDP (1990) statistical package (University of 
California Press). Kruskal-Wallis test with mul- 
tiple comparisons was used for comparisons 
between the groups. In multiple comparisons the 
null hypothesis was rejected if Z stat is larger than 
the critical value ZC: 


1—$(ZC) = of K(K—1)] 


where ọ = cumulative standard normal distri- 
bution function, « = desired overall significance 
level, and K = number of groups compared. 
The times at which analgesia was given were 
treated as being analogous to survival data. 
“Survival” curves were plotted to indicate the 
proportion of patients in each group who had 
received no analgesia by a given time after 
operation. The times at which analgesia was first 
received for the three groups were compared 
using four non-parametric linear rank tests: The 
Mantel-Cox (log-rank), Tarone-Ware, Breslow, 4 
and Peto—Prentice statistics. These tests compare 
the observed rate at which patients needed 


CAUDAL KETAMINE FOR POSTOPERATIVE ANALGESIA 


Bupivacaine-ketamine 
100 * 


Ketamine 


` Patients with pain (%) 


Bupivacaine 







ae 7 K KA s. 
0 15 30 45 60 99 2 3 4 
(min) (h) 

Time 

Fic. 1. Incidence of postoperative pain in the first 24 h after 

recovery from anaesthesia. (] = None/insignificant pain; 4 = 

moderate pain; W = severe pain. *P<0.05 vs caudal 
bupivacaine group. 


analgesia with the rate which might be expected if 
caudal administration of bupivacaine, bupiv- 
acaine—ketamine and ketamine were equally effec- 
tive. P < 0.05 was regarded as statistically signifi- 
cant. 


RESULTS 


The groups were comparable in age, weight and 
duration of their operations (table D. 

The quality of analgesia in the group which had 
received a caudal injection of ketamine did not 
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differ from the two other groups (fig. 1). Caudal 
administration of bupivacaine with the addition of 
ketamine resulted in superior analgesia compared 
with caudal injection of bupivacaine alone. 
Significantly fewer patients in the latter group had 
no or insignificant pain at 60 min after recovery 
from anaesthesia (fig. 1). In addition, the bupiv- 
acaine group received significantly more doses of 
paracetamol than the bupivacaine-ketamine 
group in order to maintain analgesia in the first 
24h after recovery from anaesthesia (table II). 

The times at which analgesia was first given are 
displayed in the form of survival curves in figure 
2. The curves indicate the proportion of patients 
who received no analgesia by a given ‘elapsed time 
after recovery from anaesthesia. Recovery— 
analgesia times were significantly longer in the 
bupivacaine-ketamine group than in the bupiv- 
acaine group. 

There was no significant difference between the 
caudal ketamine group compared with the two 
other groups in time to first analgesia and the 
number of analgesic doses required in the first 
24h. 

Administration of ketamine caudally either 
alone or in combination with bupivacaine was not 
associated with changes in postoperative behav- 
iour. Significantly more patients who had received 
caudal ketamine either alone or with bupivacaine 
were described as cheerful and calm 60 and 
90 min after recovery from anaesthesia (fig. 3) 
compared with those in the bupivacaine group. 

The results from mothers’ and nurses’ assess- 
ments 24h after operation showed no significant 
difference between the three groups with respect 
to pain and quality of overnight sleep. Vomiting 
occurred after operation in five (25 %), four (27 %) 
and two (13 %) patients in the caudal bupivacaine, 
bupivacaine-ketamine and ketamine groups, re- 
spectively (ns). 

Postoperative urinary retention was noted in 
two patients in the bupivacaine (10%) and 


TABLE II. Requirement for analgesia during the first 24h after operation. Number (%) of patients 
receiving 0-3 doses of paracetamol suppository 125 mg. *P < 0.05 vs caudal bupivacaine group 





Patients receiving analgesia 








Analgesia Bupivacaine Bupivacaine—-ketamine* Ketamine 
(No. of doses) group (n = 20) group (n = 15) group (n = 15) 
0 ` 10 (50) 14 (93) 12 (80) 
1 6 (30) 1M 3 (20) 
2 3 (15) 0 0 
3 165) 0 0 








Ketamine 


Bupivacaine 
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12 15 18 21 24 


Time since recovery (h) 


Fie. 2. “ Survival” curves for the bupivacaine, bupivacaine-ketamine and ketamine groups. Proportion 
of patients in each group who had not required any analgesia since recovery from anaesthesia. 
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Fic. 3. Behaviour in the first 24h after recovery from 
anaesthesia. C] = Calm and cheerful; 2 = restless; I = tense 
or tearful. * P < 0.05 vs caudal bupivacaine group. 


bupivacaine-ketamine (13%) groups,-6h after 
recovery from anaesthesia. Two patients (10 %) in 
the caudal bupivacaine group and one patient 
(7%) in the caudal bupivacaine-ketamine group 
were unable to stand 6h after operation. In 
contrast, no patient in the caudal ketamine group 
had urinary retention or any sign of motor 
weakness. 

No child in the first 24 h after operation had a 
recorded ventilatory frequency less than 12 b.p.m. 
or showed any significant changes in heart rate 
and arterial pressure. There were no instances of 
hypotension, bradycardia, residual paralysis or 
toxic reactions to bupivacaine or ketamine during 
or after administration of the caudal blocks. 


DISCUSSION 


There is considerable evidence implicating ket- 
amine in the spinal inhibition of nociceptive 
transmission [4, 5, 14]. The results of the present 
study confirm previous reports that extradural 
administration of ketamine exerts modulatory 
influences on postoperative pain mechanisms 
[10, 11]. In this study, caudal administration of 
ketamine 0.5 mg kg produced postoperative an- 
algesia comparable to that associated with caudal + 
injection of 0.25% bupivacaine 1 ml kg™ with or 
without ketamine. 


CAUDAL KETAMINE FOR POSTOPERATIVE ANALGESIA 


It was noted in adults that a lesser dose of 
extradural ketamine (4-8 mg) did not produce 
significant analgesic effects [15,16]. This ob- 
servation was reported earlier by Naguib and 
colleagues [11], who found that ketamine 10 mg in 
saline 10 ml administered extradurally was ineffec- 
tive in producing analgesia and all of the patients 
in that group required additional doses. In 
contrast, by increasing the dose of ketamine to 
30 mg, 54 % of the patients had adequate analgesia 
for 24h after a single extradural injection [11]. 

Caudal block with bupivacaine alone can pro- 
vide adequate analgesia in the early postoperative 
period, but as the block wears off, systemic 
analgesia is often required [17]. In the present 
study, 20% and 50% of patients in the caudal 
ketamine and bupivacaine groups, respectively, 
required additional analgesia during the first 24 h 
after surgery (table II). These results are similar 
to those of a previous report on herniotomy [18], 
in which 55% of patients who had caudal block 
with 0.25% bupivacaine 1 mlkg™ required 
further analgesia. 

The addition of ketamine 0.5mgkg? to 
bupivacaine improved significantly both quality 
and duration of analgesia compared with ad- 
ministration of bupivacaine solution alone, with- 
out an increase in the incidence of side effects. 
There was a significant reduction in the amount of 
postoperative analgesia required by the children 
in the bupivacaine-ketamine group compared 
with those receiving bupivacaine alone. In ad- 
dition, the recovery—analgesia times were 
significantly shorter in the latter group (fig. 2). 

The overall incidence of side effects observed in 
the bupivacaine and bupivacaine-ketamine groups 
was comparable to that reported previously in 
children who received caudal bupivacaine 
[18, 19]. 

Respiratory depression, urinary retention and 
pruritis have been described in children after 
caudal administration of opioids [2, 3, 17], but 
these side effects were not encountered in this 
study after caudal injection of ketamine 
0.5 mg kg“+. Caudal ketamine was not associated 
with motor block, and rapid mobilization was 
possible in that group. 


We conclude that caudal administration of 
ketamine 0.5 mg kg™ in children produced sat- 
4 isfactory postoperative analgesia after inguinal 
herniotomy without respiratory depression or 
other side effects. The quality of analgesia did not 
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differ significantly from that associated with 
caudal injection of 0.25% bupivacaine 1 ml kg™! 
with or without ketamine. 
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MATERNAL TEMPERATURE REGULATION DURING 
EXTRADURAL ANALGESIA FOR LABOUR 


W. R. CAMANN, L. A. HORTVET, N. HUGHES, A. M. BADER 


AND S. DATTA 


SUMMARY 


We have studied the effect of analgesia on 
maternal temperature (oral and tympanic mem- 
brane) progression in 53 women during normal 
spontaneous labour. Three groups were studied: 
two received extradural analgesia with a con- 
tinuous infusion of 0.25% bupivacaine with or 
without the addition of fentanyl; the third group 
received only parenteral opioid analgesia. All 
patients were afebrile and without clinical evi- 
dence of infection at the beginning of the study. 
Both groups of patients receiving extradural 
analgesia had a consistent and significant in- 
crease in temperature after approximately 5 h of 
analgesia; no such trend was observed in the 
parenteral opioid group. Alterations in mechan- 
isms of heat dissipation may explain these 
findings. 


KEY WORDS 


Anaesthesia: obstetric. Anaesthetic techniques: extradural. 
Analgesics: opioid. Temperature: maternal. 


Infection is a common cause of maternal and 
neonatal morbidity during labour [1]. Thus close 
monitoring of maternal temperature is performed 
routinely in most obstetric units. However, sev- 
eral factors may affect the accuracy of temperature 
measurement during labour. Hyperventilation, 
sucking ice, and oxygen administration may affect 
oral temperature [2]. Similarly, increased lower 
extremity blood flow caused by extradural 
analgesia-induced sympathetic block may render 
rectal, vaginal or bladder temperature unreliable 
(3, 4]. Excessive perspiration during arduous 
i labour may alter axillary temperature. Whilst 
tympanic membrane (TM) temperature reflects 
core temperature reliably [5,6], only recently 


have simple, non-invasive devices become avail- 
able for routine, clinical measurement of TM 
temperature. 

An additional factor which may complicate 
interpretation of maternal temperature during 
labour is the type of analgesia used. Fusi and 
colleagues reported a significant increase in tem- 
perature (oral and vaginal) when extradural 
analgesia was used during labour [7]. This 
temperature increase was seen even in the absence 
of signs of maternal infection. They postulated 
that extradurally induced sympathectomy may 
inhibit heat dissipation, thus resulting in an 
increase in temperature as labour progressed. In 
contrast, other investigators have noted that 
extradural analgesia may be associated with 
hypothermia, resulting from redistribution of heat 
from the core to the periphery, and thus heat loss 
to the environment [8]. Recent evidence suggests 
that extradural opioids may also affect thermo- 
regulation during anaesthesia [9, 10]. 

The present study was conducted to investigate 
further the changes in oral and TM temperature 
during normal labour, with and without extradural 
analgesia. In addition, we sought to determine the 
effect of the addition of an opioid (fentanyl) to the 
extradural analgesia. 


PATIENTS AND METHODS 


We investigated prospectively 53 women in active 
labour who fulfilled the following criteria: spon- 
taneous onset of labour at term gestation (37-41 
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TABLE I. Maternal lent characteristics (mean (range or SD)). 
*P < 0.005 (BF vs opioid, ANOVA); all other characteristics 
show no significant differences between groups 











Parenteral 
opioid Extradural-B Extradural-BF 
(n = 13) (n = 20) (n = 20) 
Age (yr) 28 (18-38) 29 (17-41) 27 (18-41) 
Height (cm) 168 (3) 168 (5) 168 (3) 
Weight (kg) 74 (9) 74 (6) 74 (6) 
Parity 
Primiparous 11 16 15 
Multiparous 2 4 5 
Rupture of 9.6 (3.6) 9.5 (3.9) 12.2 (6.9) 
membranes to 
delivery (h) 
Duration second 60 (32) 90 (42) 115 (49)* 
stage (min) 
38.5 
(8 38 
© 37.5 
= 
2 37 
© 
a 
E 36.5 
E 
2 36 
E 
Tar 
£35. 
> 
e 35 
34.5 
35 35.5 36 365 37 37.5 38 38.6 


Oral temperature (°C) 


Fie. 1. Relation between oral and tympanic membrane 
temperatures during labour. r = 0.62, P < 0.001 (simple linear 
regression and ANOVA); 320 measurements shown. 


weeks), intact fetal membranes or membranes not 
ruptured for more than 6 h, no clinical evidence or 
suspicion of infection, oral temperature < 37.5 °C, 
and no concurrent complications or morbidity 
related to pregnancy. All women gave written 
informed consent to the study, which was ap- 
proved by the institutional review board for 
human subject research at Brigham and Women’s 
Hospital. 

Analgesia during labour was produced by either 
one or more i.v. injections of nalbuphine 10- 
20 mg, or extradural block. The choice of an- 
algesia was made by the women without regard to 
the study. Women who requested extradural block 
were allocated to two groups in a randomized 
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fashion, using sequentially numbered, sealed 
opaque envelopes. Both had extradural blocks 
initiated with 0.25 % bupivacaine 8~12 ml. There- 
after, one group (extradural-B, n= 20) had a 
continuous extradural infusion of 0.25% bupiv- 
acaine and the other (extradural—BF, n = 20) had 
continuous infusion of 0.25% bupivacaine with 
fentanyl citrate, 2 ug ml-1. The infusions in both 
groups were maintained at 10mlh™? with a 
volumetric infusion pump. All extradural infus- 
ions were prepared by an anaesthetist not 
involved in the study, and the investigators were 
not aware of the patient’s group assignment. 
Thirteen women who received only opioid an- 
algesia served as a control group. All extradural 
anaesthetics were begun when cervical dilatation 
was between 3 and 5 cm. All women received i.v. 
infusions of lactated Ringer’s solution at room 
temperature and continuous electronic fetal heart 
rate monitoring was used during labour. 

Maternal temperature was measured using an 
oral sublingual thermometer (IVAC Corporation 
Model No. 2085, San Diego, CA, U.S.A.) 
and a tympanic membrane temperature sensor 
(Ototemp 3000, Infrared Tympanic Temperature 
Sensor, Exergen Corporation, Newton, MA, 
U.S.A.). All temperature measurements were 
performed in accordance with the manufacturers’ 
instructions. The initial temperature measure- 
ment in the extradural groups was recorded 
immediately before performance of the block; in 
the parenteral opioid group the temperature 
measurements were begun when the patient 
reached 3cm cervical dilatation and was ex- 
periencing regular, painful uterine contractions. 
Temperature readings (both oral and TM) were 
recorded hourly during labour in all patients and 
continued until delivery. 

All labour rooms at Brigham and Women’s 
Hospital are located below ground without win- 
dows or direct exposure to the external environ- 
ment. A partially recirculating ventilation and air- 
conditioning system supplies approximately eight 
fresh air exchanges and 30 total air exchanges per 
hour. Ambient room temperature is maintained at 
20-22 °C. i 

The characteristics of the three groups were 
analysed with one-way analysis of variance or the 
chi-square test for continuous data or categorical 
data, respectively. The temperature measure- 
ments were compared with two-way analysis .of 4 
variance with a repeated measures design. 
P < 0.05 was considered to be statistically signifi- 
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Fic. 2. Mean (sE) tympanic temperatures during labour in the extradural_-BF (O), extradural~B (X) and 
opioid (W) groups. P < 0.01: **compared with extradural-BF and extradural-B groups; t{/compared 
with pre-extradural temperature (ANOVA). 
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Fig. 3. Relation between tympanic temperature and fetal heart 
rate (HR) during labour. r = 0.22, P < 0.005 (simple linear 
regression and ANOVA); 320 measurements shown. 


cant. Statistical analyses were performed using 
the Stat View II statistical package (Abacus 
Concepts, Inc., Berkeley, CA, U.S.A. 1987) ona 
MacIntosh II computer. 


RESULTS 


The patient characteristics of the three groups 
were similar (table I). There was a significant 
correlation between oral and TM temperature 
measurements (r = 0.62, P < 0.001, simple linear 


regression and ANOVA) (fig. 1). The mean 
maternal temperatures did not differ between 
groups for the first 4h of measurements. At 5h 
and thereafter, the mean TM temperatures were 
significantly greater in both extradural groups 
compared with the parenteral opioid group (fig. 
2). Moreover, at 5 h and thereafter, the mean TM 
temperatures within the extradural groups were 
significantly greater than the pre-extradural tem- 
perature (fig. 2). There was no evidence of 
temperature increase with time in the parenteral 
opioid group (fig. 2). There was a weak, albeit 
significant, correlation between fetal heart rate 
and maternal temperature (r = 0.22, P < 0.005) 
(fig. 3). No patient had signs of overt sepsis, 
infection or chorioamnionitis. Cultures (blood, 
urine or amniotic fluid) from the patients who 
became pyrexial showed no evidence of bacterial 
infection. The frequency of vaginal examinations 
or incidence of internal fetal monitoring did not 
differ among the groups. 


DISCUSSION 


We found a small but consistent trend toward 
temperature increase during labour in parturients 
receiving extradural analgesia compared with 
those receiving only parenteral opioid analgesia. 
The increase in temperature occurred in the 
absence of any clinical or bacteriological evidence 
of infection. These findings confirm, in essence, 
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the results of Fusi and colleagues [7], although the 
studies differ in several respects. We measured 
TM temperature rather than vaginal temperature, 
which may be affected by anaesthetic-induced 
sympathetic block and lower extremity vasodila- 
tation. The temperature increased earlier in the 
former study, which may be attributed also to the 
effects of extradural block on vaginal temperature. 

Marx and Loew noted a small increase in TM 
temperature during labour, which they attributed 
to uterine and skeletal muscle metabolic expen- 
diture [11]. However, only 11 patients were 
studied, and the types of analgesia varied. Recent 
work by Kapusta and colleagues investigated skin 
and rectal temperatures during extradural an- 
algesia in labour. Leg and chest temperatures 
increased, while core temperature did not, after 
extradural analgesia began [3]. This study 
examined temperatures for only 60min after 
commencing analgesia, and the temperature trends 
were highly variable. 

Shivering occurs commonly during labour, 
particularly with extradural analgesia [12]. The 
aetiology is multifactorial and may include a re- 
action to release of fetoplacental material into the 
maternal circulation and heat loss from the 
placental circulation [13, 14]. Extradural adminis- 
tration of opioids has been found to lessen the 
intensity of shivering. Altered thermoregulatory 
transmission from the periphery to the hypo- 
thalamus has been postulated as a possible mode 
for this phenomenon during extradural analgesia, 
although results implicating specific spinal path- 
ways are lacking [15]. In our study, shivering 
occurred rarely, and we found no evidence that 
the extradural opioid affected the progress of 
temperature measurements during labour. 

The clinical significance of these findings 
remains unclear. Although statistically significant 
differences between extradural and non-extradural 
groups were noted in the mean temperature 
readings during labour, this difference did not 
exceed 1°C. The extradural patients, despite 
greater temperatures, were not clinically febrile, 
and there was only a weak correlation between 
maternal temperature and fetal heart rate. Thus it 
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is unlikely that this degree of temperature increase 
was sufficient to result in an adverse intrauterine 
environment with subsequent fetal compromise 
[16]. 
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CLEARANCE OF ATRACURIUM AND LAUDANOSINE IN 
THE URINE AND BY CONTINUOUS VENOVENOUS 


HAEMOFILTRATION#T 


E. S. SHEARER, E. P. SULLIVAN AND J. M. HUNTER 


SUMMARY 


We have measured the steady state urinary 
clearances of atracurium, given by constant 
infusion, and laudanosine in eight patients 
undergoing artificial ventilation; all had normal 
renal function (mean creatinine clearance 
81 ml min). Mean (sD) urinary clearance of 
atracurium was 0.55 (0.5) mi kg min; that 
of laudanosine was 0.33 (0.2) mi kg min. 
Simultaneous plasma clearances were 7.1 (1.4) 
ml kg min’ and 3.8 (1.5) ml kg min’, re- 
spectively. Notional haemofiltration clearances 
of the two substances were measured also in 
seven critically ill patients with renal and respira- 
tory failure undergoing continuous venovenous 
haemofiltration. Mean (Sb) clearances of atra- 
curium and laudanosine in the haemofiltrate fluid 
were 0.11 (0.06) mi kg~' min and 0.09 (0.02) 
mi kg min, respectively whilst plasma clear- 
ances were atracurium 6.7 (1.8) ml kg min” 
and laudanosine 4.5 (1.8) ml kg min. There 
were no significant differences between the 
plasma clearances of the drugs in the two 
groups, despite the difference in severity of 
sickness. Urinary clearance rates of atracurium 
and laudanosine were approximately 8 and 9% 
of that in the plasma, but the haemofiltration 
clearance of both substances was only 2%. 


KEY WORDS 


intensive care: haemofiltration. Kidney: urinary clearance, 
laudanosine. Neuromuscular relaxants: atracurium. 


Although it was thought originally that atracurium 
was eliminated solely in the plasma and extra- 
cellular fluid by means of Hofmann degradation 
and ester hydrolysis, Fisher and his colleagues in 
1986 [1] offered evidence from im vivo and in vitre 
work suggesting that organ elimination is re- 
sponsible for the clearance of at least 60% of a 


dose of atracurium. Measuring organ clearance of 
atracurium through the kidney during anaesthesia 
is relevant to this problem, but is impracticable: a 
good urine output is difficult to establish, es- 
pecially during the first 1 h of anaesthesia [2] and 
it necessitates catheterization of the bladder, 
which may not be clinically indicated ; in addition, 
steady state plasma concentrations of atracurium, 
which are necessary if true urinary clearance is to 
be measured, may not be obtained unless an 
infusion of the drug is used. It was decided, 
therefore, to study the urinary clearance of 
atracurium and its metabolite, laudanosine, in 
intensive care patients (with normal renal func- 
tion) who were receiving atracurium by constant 
infusion during intermittent positive pressure 
ventilation (IPPV). 

Continuous venovenous haemofiltration 
(CVVH), used in the treatment of patients with 
acute renal failure [3], is known to contribute to 
the elimination from the circulation of many 
drugs used in intensive care [4]. It was decided 
also to investigate the plasma and haemofiltration 
clearances of atracurium and laudanosine in a 
group of acute renal failure patients undergoing 
IPPV and to compare this route of clearance with 
that in the urine. 


PATIENTS AND METHODS 


Ethics Committee approval was obtained for this 
study and informed written consent obtained 
from the patient’s next-of-kin before sample 
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TABLE I. Clinical details of the 15 patients. Atrac. = Atracurium; SLE = systemic lupus erythematosus; Dop = dopamine; Dob 
= dobutamine; NA = noradrenaline; A = adrenaline : 








Admission Duration Creatinine 
Patient Age Wr APACHE of atrac. clearance Inotropic 
No. Sex (yr) (kg) Diagnosis score infusion (h) (ml min™t) agents 
Group I 
1 M 37 60 Atypical 23 121 40 Dop, Dob 
pneumonia 
2 M 42 70 Gastro- 22 72 98 Dop 
intestinal 
haemorrhage 
3 M 64 85 Aortic 27 173 72 Dop, Dob, NA 
aneurysm repair 
4 M 39 80 Near drowning 21 210 103 Dop, Dob 
5 F 66 75 Gram-ve 11 64 94 Dop, Dob, A 
septicaemia 
6 F 39 65 Respiratory 12 41 40 Dop 
failure (SLE) 
7 M 52 = 140 Gastro- 22 305 108 Dop, Dob, NA 
intestinal 
haemorrhage 
8 M 53 80 Myocardial 21 24 100 Dop, Dob 
infarct 
Group 2 
9 M 64 70 Aortic 37 37 Dop, Dob, NA 
aneurysm repair 
10 F 58 70 -ve 22 112 Dop, Dob, NA 
septicaemia 
11 M 56 75 Viral 28 93 Dop, Dob, NA, A 
myocarditis 
12 M 4 g Aortic 31 182 Dop, Dob, NA, A 
aneurysm repair 
13 M 62 90 Oesophago- 24 288 Dop, Dob, NA, A 
gastrectomy 
14 M 30 70 Acute 21 617 Dop, Dob, NA 
pancreatitis 
15 M 38 70 Pneumococcal 30 266 Dop, Dob, NA 
pneumonia 


collection. We studied eight patients undergoing 
IPPV with normal renal function (mean creatinine 
clearance = 81 ml min™!, range 40-110 ml min“) 
(group 1) and seven patients in acute renal failure 
on IPPV who were undergoing CVVH with a 
creatinine clearance of less than 5 ml min™! (group 
2). All were receiving constant infusions of 
atracurium 0.3-0.8 mg kg! h~? in addition to 
analgesia and sedation with constant i.v. infu- 
sions of morphine 2-10 mg h! and midazolam 
2—10 mg b™ as indicated clinically. Clinical details 
of the patients are given in table I. All those in 
group | had an indwelling urinary catheter as part 
of their clinical management. 

Blood 5 ml was taken from an arterial cannula 
at least every 4h during infusion of the drug for 
measurement of plasma concentrations of atra- 
curium and laudanosine. In patients in group 1, 


urine 5 ml was collected from the connection of 
the bladder catheter to the urine collecting bag.at. 
the same time as the blood sample. The volume of 
urine produced in the next 60 min was noted and 
the urine flow derived (ml min“). Blood was 
collected at similar intervals from the patients in 
group 2 when they were receiving CVVH. 
Haemofiltration fluid 5 ml was collected sim- 
ultaneously from the exit port of the dialysis 
machine (Gambro AK 10 system with FH66 fibre 
haemofilters). The blood flow through the filter 
was maintained at 125 ml min™ and the outflow 
from the filter restricted to give an average 
haemofiltrate flow of 19ml min“! (27.4 litre 
day~*). e sS 
The plasma samples were assayed in this’ - 
department as described previously [5]. Immedi- 
ately after collection, specimens of urine (50 pI) 
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TABLE II. Mean plasma, urine (group 1) and haemofiltrate (HF) (group Z) concentrations of atracurium and laudanosine 
measured at steady state in each patient, together with the urine flow rate and atracurium infusion rate. (The haemofiltrate flow 
rate was fixed at 19 ml min“) 





Atracurium concn 


Laudanosine concn 





No. of (ng mi?) (ng mi~} Urine flow Infusion 
Patient steady state rate rate 
No. samples Plasma Urine or HF Plasma Urine or HF (ml kg~! min-) (ug kg~! min-) 
Group 1 
1 7 711 35787 804 4818 0.016 6 
2 4 1239 19622 1290 12207 0.065 10 
3 16 1514 15555 3245 31544 0.03 10 
4 5 2103 23076 3281 31242 0.026 18 
5 6 1245 8896 3174 40412 0.016 10 
6 7 1888 6380 2312 30 350 0.035 9 
7 23 1827 126712 3203 98808 0.02 10 
8 4 1577 58301 2096 48 339 0.014 10 
Group 2 
9 5 1261 387 1009 310 10 
10 5 1745 1072 1510 899 10 
11 7 1786 608 1386 409 7 
12 9 1122 319 1234 510 10 
13 20 1259 642 1894 644 7 
14 7 2349 359 1563 481 10 
15 7 1437 1173 3185 1083 7 


and haemofiltrate (200 u1) were added to 1.5-ml 
microtest tubes containing potassium hydrogen 
phthalate buffer 950 ul and 800 ul, respectively; 
the pH had previously been adjusted to 2.5. The 
tubes and contents were frozen in liquid nitrogen 
and stored at — 20 °C. The urine and haemofiltrate 
samples were assayed using the same HPLC 
technique as that used for the plasma specimens. 

After the samples were analysed and it was 
determined which were recorded when plasma 
concentrations of both atracurium and laudanosine 
were at steady state, the corresponding plasma, 
urine and haemofiltration samples were used to 
derive the appropriate clearance values. Steady 
state was accepted as four consecutive plasma 
samples showing a variation in plasma concen- 
tration of less than 15%. The steady state plasma 
clearances (Clp) of atracurium were derived using 
the formula: 


Infusion rate (ng kg? min“) 


ie C (ag mI") 





where C,™ = steady state plasma concentration. 
For laudanosine, the infusion rate was calculated 
by assuming that one molecule of atracurium 
eventually breaks down to yield two molecules of 
laudanosine [6]. 
- The urinary clearance for each set of estimations 
was derived using the formula UV /P, where U = 


urinary concentration (ng ml“), V = urinary flow 
rate (ml min“) and P = plasma concentration 
(ng mi~). The clearance achieved with CVVH 
was derived using the Sieving coefficient, S: 


Cl= Sx HF 


where HF = haemofiltrate flow (ml mint}, the 
Sieving coefficient being derived from the ratio of 
the haemofiltrate to plasma concentration, as 
described by Golper and others [7]. 

The mean plasma clearances of atracurium and 
Jaudanosine in groups 1 and 2 were compared 
using the Mann-Whitney U test. 


RESULTS 


The mean plasma, urine and haemofiltrate concen- 
trations of atracurium and laudanosine for each 
patient in groups 1 and 2, and the number of 
paired samples collected from each patient are 
shown in table II. 

The mean (sD, range) plasma clearances of 
atracurium and laudanosine at steady state in 
group 1 patients are shown in table III, with the 
mean urinary clearances of the two substances. 
The renal clearances of atracurium and laudano- 
sine were approximately 8% and 9% of the 
plasma clearances, respectively. 

The mean plasma clearances of atracurium and 
laudanosine in the renal failure patients (group 2) 
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TABLE III. Mean (sp) [range] plasma clearances of atracurium and laudanosine for the two groups; 
urinary clearances in group 1 and CVVH clearances in group 2. No significant differences (Mann-Whitney 
U test) between the two groups in the plasma clearances of either substance 


Atracurium clearance 


Laudanosine clearance 








(ml kg! min™?) (ml kg~* min“) 
Plasma Urine or CVVH Plasma Urine or CVVH 
Group 1 7.1 (1.4) [4.8-8.6] 0.55 (0.5) [0.11-1.4] 3.8 (1.5) [2.46.0] 0.33 (0.2) [0.10-0.62] 
Group 2 6.7 (1.8) [4.6-8.9] 0.11 (0.06) [0.06-0.2] 4.5 (1.8) [2.8-7.4] 0.09 (0.02) [0.06-0.14] 


are also shown in table III, with the mean notional 
haemofiltration clearances. The haemofiltration 
clearances of atracurium and laudanosine were 
only 16% and 2% of the plasma clearances, 
respectively. 

There was no significant difference in the 
plasma clearances of atracurium and laudanosine 
between the two groups. 


DISCUSSION 


Work in cats first demonstrated that not all of a 
bolus dose of atracurium is degraded in the 
plasma: 6.9% is excreted in the urine [8]. In the 
first human study (1987), it was estimated that the 
amount of atracurium and laudanosine excreted in 
the urine over a period of 500 min after a bolus 
dose of the drug, given to three healthy, un- 
catheterized patients, was 2-10% [9]. No pre- 
cautions could be taken to prevent further break- 
down of atracurium in the urine present in the 
bladder in this study. More recent work by 
Vandenbrom, Wierda and Agoston on the pharma- 
cokinetics of a bolus dose of atracurium, which 
included measurement of urinary clearance in 
catheterized patients, has supported the earlier 
findings [10]. 

The urinary clearances reported here are the 
first estimated at steady state. The mean urinary 
clearance of atracurium (0.6 ml kg min“; 8% of 
the plasma clearance) may be an underestimate, 
for atracurium breakdown may be assumed to 
have continued in the urine as it passed down the 
ureter and through the bladder. This continued 
degradation tended to reduce the value for the 
urinary concentration of atracurium (U), thus 
decreasing the clearance value. In contrast, the 
urinary concentration of laudanosine must have 
been increased by the same process; thus the 
actual urinary clearance of laudanosine should be 
slightly less than that reported here (0.3 ml kg"! 
min`; 9% of the plasma clearance). The urinary 


clearances of both atracurium and laudanosine are 
much less than those of plasma and are probably 
of limited clinical significance, certainly when 
atracurium is used as a bolus dose during general 
anaesthesia. However, the relevance of this route 
of excretion when the drug is given for hours, 
even days, by constant infusion in the intensive 
care unit is more difficult to assess. 

Intensive care patients with “normal” renal 
function have lower creatinine clearances (mean 
80 ml min`’) than those of truly healthy indiv- 
iduals, although the difference is of little clinical 
significance. Renal clearance of atracurium and 
laudanosine during anaesthesia in healthy subjects 
may be expected to be greater than that reported 
here, but renal function during anaesthesia is 
usually impaired, especially during the first 
60 min, and is probably not dissimilar to that 
found in the intensive care patient [11]. 

It is interesting that the plasma clearances of 
both atracurium and laudanosine in the more 
critically ill patients with renal failure were similar 
to those in the patients with normal renal 
function—findings which are compatible with 
those reported previously by Parker, Jones and 
Hunter, who used a method which did not rely on 
achievement of a steady state [12]. Although it has 
been demonstrated that the use of high doses of 
inotropic agents such as dopamine, dobutamine, 
noradrenaline and adrenaline (as used in our 
patients in group 2) may constrict hepatic blood 
flow, thus reducing hepatic metabolism of other 
drugs [13], there is no evidence in this study to 
suggest that the clearance of each substance was 
decreased in these ill patients. 

When elimination of drugs by CVVH (or 
haemodialysis) is considered, only plasma protein 
binding and volume of distribution have been 
shown to be important, although these measures 
are not totally reliable indicators of drug clearance 4 
[14]. The haemofiltrate composition is essentially 
the same as that of plasma water. Thus it may be 
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expected that drugs which are highly protein 
bound or have large volumes of distribution (and 
are therefore found only in low concentrations in 
the plasma water compartment)—for example 
propranolol—would be cleared poorly by CVVH 
{14]. The protein binding of atracurium is not 
known for certain, although a value of 80% has 
been obtained by an indirect method [15]. This 
relatively high degree of binding, coupled with a 
volume of distribution in the range 172- 
280 ml kg [5, 10], would suggest only limited 
elimination of atracurium by CVVH and, indeed, 
this was found to be the case in our study. The 
volume of distribution of the more lipophilic 
laudanosine is much greater (1730 ml kg™ [15]), 
which would imply even less clearance of the 
metabolite by CVVH, although this study does 
not substantiate such a hypothesis. 
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INTRAOPERATIVE ASSESSMENT OF ATRACURIUM- 
INDUCED NEUROMUSCULAR BLOCK USING DOUBLE 


BURST STIMULATIONt 


N. BRAUDE, H. A. L. VYVYAN AND M. J. JORDAN 


SUMMARY 


Paired train-of-four (TOF) and double burst 
stimuli (DBS) were administered to the ulnar 
nerve at the wrist in 25 patients (group 1) 
paralysed with atracurium O5mg kg; re- 
sponses were measured mechanically (except 
every third DBS response which was manually 
evaluated). Another 30 patients (group 2) re- 
ceived a DBS every 60s. A post-tetanic count 
(PTC) was performed when the first response 
(D1) was palpated. There was a significant 
correlation between the twitch heights of the 
first TOF response (T1) and D1 and likewise 
between the twitch heights of both second 
responses (r = 0.9; P < 0.001), but there was a 
significant difference in regression coefficients of 
these two correlations (P <0.001). D1 was 
palpable first with a median PTC of 7. Our results 
showed that palpation of a single response 
implied a satisfactory level of paralysis. DBS may 
be useful for intraoperative clinical monitoring of 
neuromuscular block. 


KEY WORDS 


Measuring techniques: neuromuscular block. Monitoring: 
neuromuscular function. Neuromuscular relaxants: atra- 
curlum. 


Train-of-four (TOF) peripheral nerve stimula- 
tion with tactile assessment of response is used 
widely for monitoring neuromuscular block. How- 
ever, it is inaccurate for identifying residual block 
[1] and has been shown recently not to influence 
the total dose of relaxant used or the incidence of 
postoperative residual neuromuscular block [2]. 
Double burst stimulation (DBS) is the most 
reliable clinical method of detecting residual 


paralysis [3], but its suitability for quantifying 
profound and intermediate levels of neuromuscu- 
lar block is not clear. We have therefore investi- 
gated its potential for this use. 


PATIENTS AND METHODS 


The study was approved by the Hospital Research 
Ethics Committee, but in view of the routine 
nature of neuromuscular monitoring, patient 
consent was not sought. We studied 55 healthy 
adult patients, none of whom was receiving any 
medication which may have influenced neuro- 
muscular transmission. 

All patients were anaesthetized in a standard 
manner. After premedication with papaveretum 
and hyoscine, anaesthesia was induced with 
propofol 2-3 mg kg™ i.v. and maintained with 
1% enflurane (after an initial overpressure period 
of 3 min with 5% enflurane) and 66% nitrous 
oxide in oxygen. Neuromuscular block was pro- 
duced with atracurium 0.5mgkg™ and sub- 
sequent increments of 0.2mgkg were given 
according to clinical need. Fentanyl 50-100 pig i.v. 
was administered for analgesia as required. 
Normocapnia (based on end-tidal carbon dioxide 
measurement) was maintained throughout the 
study using positive pressure ventilation via a 
tracheal tube or laryngeal mask airway. The ulnar 
nerve was stimulated at the wrist with a Rutter 
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DOUBLE BURST STIMULATION 


MkV programmable nerve stimulator via surface 
electrodes on the side opposite to which i.v. access 
and an arterial pressure cuff were sited. 

The patients were allocated to two groups. In 
group 1 the force of the isometric adductor pollicis 
contraction was measured using a Grass FT-10 
force displacement transducer [4], Lectromed 
MX 216 amplifier and chart recorder. After a 
stabilization period of 3—5 min after induction, 
the supramaximal point and control values were 
established using a 1-Hz stimulus. Thereafter, a 
set stimulus sequence was delivered to the patient 
every 120 s for the remainder of the study. This 
consisted of a TOF stimulus followed 20 s later by 
a DBS [3]. Before every third DBS, the thumb 
mount was disconnected from the transducer and 
one of five observers (each familiar with the use of 
a nerve stimulator) palpated the thumb response 
to stimulation. This response was recorded as no 
response, single response or double response. The 
same observer was used throughout any single 
patient study. The recorded level of block was 
concealed from the observer, who was also 
unaware of whether or not any incremental dose 
of atracurium had recently been administered. A 
200-g resting abducting tension on the thumb was 

‘maintained throughout the study and this was 

confirmed before each recording and after recon- 
nection. Readings taken during the 6 min fol- 
lowing administration of incremental doses of 
atracurium were discounted. 

After completion of an individual patient study, 
the amplitude of the first twitch of each TOF 
response (T1) was measured from the paper 
record and expressed as a fraction of the measured 
control value (T1/C). T1/C values of more than 
‘0.55 were considered to lie outside the range of 
adequate surgical relaxation and were excluded. 
Each T1/C value before and after palpation was 
compared. Measured values where T1/C was less 
than 0.03 were excluded from the data, because of 
their low signal-to-noise ratio. The first, third and 
fifth readings occurring subsequently were selec- 
ted from each patient’s data, in order to include a 
wide range of block and to exclude bias towards 
those patients undergoing longer operations. 
These were compared with their respective first 
and second DBS (D1 and D2) twitch height 
measurements. In each case the following com- 
parisons were made: T1/C with the ratio D2:D1; 

.. D1 with T1 twitch heights; and D2 with T2 
twitch heights (where present). The first, median 
and last palpated DBS responses were also 
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selected and compared with their paired T1/C 
values. 

In group 2, the supramaximal point was 
established by palpation by one of two observers. 
A similar DBS pattern to that used previously was 
delivered every 60s and a PTC was performed 
20 s after the first D1 response became palpable. 
The median PTC and range of the 30 data points 
were computed. 

Data were expressed as mean (SD) or median 
(range). The relationships of twitch heights of T1 
with D1 and T2 with D2 were compared using 
linear regression analysis. The difference between 
regression coefficients was evaluated with refer- 
ence to tables of normal distribution. P < 0.05 
was considered significant. 


RESULTS 


Twenty-five patients were studied in group 1. 
The mean age was 46.5 yr (range 17—74 yr), the 
male:female ratio 1.4:1 and the median duration 
of each study was 39 (17-65) min. Because of a 
prolonged period of profound block (no response 
to DBS or TOF) or short operative time, 
insufficient palpation data were gained from six 
patients and insufficient measurement data from 
five patients. These patients were excluded from 
the relevant data groups. 

D1 always returned before T1 on 18 occasions 
when profound block was achieved. All T1 
readings taken after palpation were 2-8 % greater 
than the T1 reading taken before palpation. From 
the 60 measured readings selected, a significant 
linear correlation between D1 and T1 (fig. 1) was 
evident (r = 0.9; P < 0.001; regression coefficient 
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y = 1.89x - 1.26, r= 0.9 


D1 twitch height (mm) 





0 10 20 30 40 50 
T1 twitch height (mm) 


Fig. 1. Relationship between the measured twitch heights of 
Ti and D1, showing the line of best fit. 
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y = 0.93x + 10.7, r= 0.9 


30 


D2 twitch height (mm) 





0 10 20 
T2 twitch height (mm) 


Fic. 2. Relationship between the measured twitch heights of 

T2 and D2, indicating the line of best fit. Note the difference 

in scale between the axes of this graph and those of figure 1. 

The arrowed data points are derived from three patients (see 
text). 


D2: D1 





Fic. 3. D2:D1 ratio at different degrees of neuromuscular 
block (indicated by T1/C). The arrowed data points are 
derived from three patients (see text). 


e<— 


i 
Double 


Single 


@---<+----- 


frnd od. 


e ooon tooa 


BRITISH JOURNAL OF ANAESTHESIA 


1.89). There was a similar degree of correlation 
between D2 and T2 twitch heights (7 = 57; 
r = 0.9; regression coefficient 0.93) (fig. 2). The two 
data set regression coefficients differed signifi- 
cantly (P < 0.001). Figure 2 shows that when no 
T2 response was present there was a particularly 
wide scatter of D2 twitch heights. 

There was poor correlation between D2:D1 
and T1/C (r = 0.3), with data points particularly 
widely scattered through the range of T1/C 0-0.1 
(fig. 3). 

Fifty-seven palpated DBS responses were 
selected, of which 27 were perceived as a single 
response and 30 as a double response. The 
relationship between these responses and different 
levels of neuromuscular block is indicated in 
figure 4. Only one double response was palpated 
when T1/C was < 0.05 and two responses were 
always palpated when T1/C > 0.20. Thus pal- 
pation of a single response implied a T1/C of 
< 0.20 (P = 1), but palpation of a double response 
implied only a 0.66 chance of T1/C > 0.20. 
Palpation of a double response did, however, 
suggest a 0.97 chance of T1/C 20.05. The 
sensitivity of this technique in identifying a T1/C 
value above or below 0.20 was 0.73 and the 
specificity was 1. The arrowed data points in 
figures 2—4 were derived from the same three 
patients and illustrate an earlier and relatively 
more powerful initial return of D2. There was no 
common observer or demographic factor link 
between these patients. 

The mean age of the 30 patients studied in 
group 2 was 45.3 yr (range 20-77 yr) with the 
male:female ratio 1:1.3. Data from this group 
indicated a median PTC when D1 was first 
palpated of 7 (3-12). 
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Fic. 4. Number of single and double palpated responses at different degrees of neuromuscular block. 
The arrowed data points are derived from three patients (see text). 


DOUBLE BURST STIMULATION 


DISCUSSION 


The three elements of the D1 stimulus produced 
a more powerful response than the single T1 
response by a factor of almost 2 (fig. 1); this would 
suggest easier and earlier recognition of the D1 
DBS response. This is confirmed by our other 
results: D1 always returned before T1 and the 
median PTC when D1 was first palpated was 7 
(compared with a PTC of 8-14 using the TOF 
(5, 6]). Our PTC result probably overestimates 
the true value, as a 60-s interval elapsed between 
assessments and our D1 response was palpated, 
not visualized as in the study by Bonsu and 
colleagues [5]. This result is also consistent with 
other published work which has shown that D1 
returns 2.2 min earlier than T1 [7]. 

The relationship between T2 and D2 differed 
significantly from that between T1 and D1 (as 
shown by the slopes of the regression lines in 
figures 2 and 3). Despite the greater power of the 
D2 electrical stimulus, the D2 response was 
similar in force to T2, although D2 did return at 
an earlier stage in recovery of neuromuscular 
function. The reason for this is unclear, but may 
reflect enhanced fade after the D1 stimulus. 

The poor correlation between D2:D1 and 
T1/C (fig. 3) may reflect the fact that these 
parameters quantify different aspects of the effect 
of atracurium on neuromuscular function (in a 
manner analogous to the relationship between 
T4/T1 and T1/C). Fade is a presynaptic phenom- 
enon and attenuation of a single response has a 
postsynaptic basis [8]. The scatter is particularly 
evident in the region of profound block, which 
may also partly reflect a reduced signal-to-noise 
ratio. The palpated responses mirror the wide 
interpatient measured variations in initial D2 
recovery. In figures 2—4 the data points where D2 
returned relatively early or more powerfully 
(indicated by arrows) were derived from the same 
three patients in whom D2 response was palpated 
at a relatively early stage in recovery of neuro- 
muscular function (fig. 4). These patients appear 
to represent the extremes of the spectrum, rather 
than a discrete group and have contributed to the 
reduced sensitivity of the DBS response with 
profound block. 

Our palpated results indicated satisfactory 
specificity, but less satisfactory sensitivity for 
» DBS as a test to identify a T1/C of less than 0.05 
or more than 0.20. Identification of these points is 
of particular clinical value: a T1/C value of less 
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than 0.20-0.25 is compatible with adequate intra- 
operative relaxation when a volatile agent is used 
[9] and excellent conditions for tracheal intubation 
are present with a T1/C value of less than 0.05 
[10]. In addition, antagonism of atracurium- 
induced paralysis may be accomplished reliably 
from this latter point in less than 9.6 min [11]. 
Nevertheless, despite limitations of sensitivity, 
palpation of a single response implies a T1/C value 
< 0.20 and palpation of a double response a T1/C 
value > 0.05 with a high degree of certainty. 

The clinical use of the TOF stimulus pattern 
(and likewise DBS) during operation is based on 
a fade-induced reduction in the number of 
responses relating reliably to the degree of 
attenuation of T1 [12]. This close relationship 
between the pre- and postsynaptic effects has 
been shown to be present with atracurium and an 
anaesthetic technique similar to our own [13]. 
However, the same workers in another study 
using vecuronium have shown a considerably 
wider variation in visual assessment of T2 return 
(T1/C of 0.16 (sp0.1)) compared with measured 
assessment [13, 14]. This discrepancy may result 
from difficulty in interpreting up to four responses 
and could account for the limited impact of TOF 
usage in clinical practice [2]. 

DBS used for the quantification of the atten- 
uated T1 response is based probably on the same 
pre- and postsynaptic mechanisms, but may be 
complicated by enhanced D2 fade (see above), 
resulting in more interpatient variation than TOF. 
Nevertheless, it is possible that the simplicity of 
the double DBS response may offer enhanced 
clinical accuracy in comparison with TOF. 

Validity of data could have been impaired by 
variations in neuromuscular junction tempera- 
ture, changes in the resting tension of the adductor 
pollicis muscle or alterations in the neuromuscular 
effects of enflurane (compared with initial control 
value). Although temperature was not measured, 
the effect of this was likely to be very limited as 
surgery was of a minor nature, all i.v. infusions 
were delivered through the opposite arm and the 
duration of the studies was relatively short. The 
resting tension was confirmed as being unchanged 
throughout the study and the 2-8% increase in 
T1 values after reconnection of the thumb almost 
certainly reflects spontaneous recovery of block 
over the 2-min period between consecutive read- 
ings. The neuromuscular effect of enflurane is 
related to blood concentration and period of 
exposure [15]. The effect of consistent over- 
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pressuring at the outset and the short duration of 
each study would thus have limited the influence 
of this variable. 


In conclusion, our data and the results of others 
show that DBS may be used as a universal 
stimulus pattern throughout the full range of 
neuromuscular block. Palpation of a single re- 
sponse may reliably indicate adequate intra- 
operative relaxation, but palpation of a double 
response does not necessarily imply adequate 
relaxation. DBS, however, may detect initial 
return of neuromuscular function earlier than 
TOF. Measurements of DBS response confirmed 
an enhancement of D1 response compared with 
T1, but showed an unexpected relative impair- 
ment of D2 response compared with T2. This 
study suggests that the simpler double response 
of DBS may offer a clinical advantage in com- 
parison with TOF in the accuracy of monitoring 
neuromuscular function at levels of block suitable 
for intraoperative use. 


REFERENCES 


1. Viby-Mogensen J, Jensen NH, Engbæk J, Ording H, 
Skovgaard LT, Chraemmer-Jorgensen B. Tactile and 
visual evaluation of the response of train-of-four stimu- 
lation. Anesthesiology 1985; 63: 440-443. 

2. Pedersen T, Viby-Mogensen J, Bang U, Olsen NV, 
Jensen E, Engbæk J. Does perioperative tactile evaluation 
of the train-of-four response influence the frequency of 
postoperative residual neuromuscular blockade? Anesthes- 
tology 1990; 73: 835-839. 

3. Drenck NE, Ueda N, Olsen NV, Engbæk J, Jensen E, 
Skovgaard LT, Viby-Mogensen J. Manual evaluation of 
residual curarization using double burst stimulation: A 


10. 


11. 


12. 


13. 


14. 


15. 


BRITISH JOURNAL OF ANAESTHESIA 


comparison with train-of-four. Anesthesiology 1989; 70: 
578-581. 


. Ali HH, Saverese JJ. Monitoring of neuromuscular 


function. Anesthesiology 1976; 45: 216-249. 


. Bonsu AK, Viby-Mogensen J, Fernando PUE, Muchal 


K, Tamilarasan A, Lambourne A. Relationship of post- 
tetanic count and train-of-four response during intense 
neuromuscular blockade caused by atracurium. British 
Journal of Anaesthesia 1987; 59: 1089-1092. 


. Ridley SA, Hatch D. Post-tetanic count and profound 


neuromuscular blockade with atracurium infusion in 
paediatric patients. Brirish Journal of Anaesthesia 1988; 
60: 31-35. 


. Gill SS, Donati F, Bevan DR. Clinical evaluation of 


double-burst stimulation: Its relationship to train-of- 
four. Anaesthesia 1990; 45; 543-548. 


. Bowman WC. Prejunctional and postjunctional cholino- 


receptors at the neuromuscular junction. Anesthesia and 
Analgesia 1980; 59: 935-941. 

Ali HH, Miller RD. Monitoring of neuromuscular 
function. In: Miller RD, ed. Anesthesia. New York: 
Churchill Livingstone, 1986; 876-878. 

Donlon JV jr, Ali HH, Saverese JJ. A new approach to the 
study of four non-depolarizing relaxants in man. Anes- 
thesia and Analgesia 1974; 53: 934-939. 

Astley BA, Hughes R, Payne JP. Antagonism of atra- 
curium-induced neuromuscular blockade by neostigmine 
or edrophonium. British Journal of Anaesthesia 1986; 58: 
1290-1295. 

Lee C. Train-of-4 quantitation of competitive neuro- 
muscular block. Anesthesia and Analgesia 1975; 54: 
649-653. 

O'Hara DA, Fragen RJ, Shanks CA. Reappearance of the 
train-of-four after neuromuscular blockade induced with 
tubocurarine, vecuronium or atracurium. British Journal 
of Anaesthesia 1986; 58: 1296-1299. 

O’Hara DA, Fragen RJ, Shanks CA. Comparison of 
visual and measured train-of-four recovery after vecu- 
ronium-induced neuromuscular blockade using two an- 
aesthetic techniques. British Journal of Anaesthesia 1986; 
$8: 1300-1302. 

Stanski DR, Ham J, Miller RD, Sheiner LB. Time 
dependent increase in sensitivity to dTC during enflurane 
anesthesia. Anesthesiology 1979; 51: S269. 


British Fournal of Anaesthesia 1991; 67: 579-584 


ALCOHOL AFTER SEDATION WITH LV. 
MIDAZOLAM-FENTANYL: EFFECTS ON PSYCHOMOTOR 


FUNCTIONING 


J. L. LICHTOR, J. ZACNY, J. L. APFELBAUM, B. S. LANE, G. RUPANI, 
R. A. THISTED, C. DOHRN AND K. KORTTILA 


SUMMARY 


Patients who arrive home several hours after 
outpatient surgery may drink alcohol. The extent 
to which residual drugs used in outpatient 
surgery interact with alcohol is not known. The 
purpose of this study was to determine if two i.v. 
drugs commonly used together in outpatient 
surgery, midazolam and fentanyl, have residual 
effects which would interact with alcohol drunk 
4h after injection. Twelve healthy male volun- 
teers participated in a double-blind, randomized, 
placebo-controlled and cross-over study. Sub- 
jects were studied four times successively with a 
period of 1 week between trials. On each day of 
testing, the subjects received randomly, by slow 
iv. injection (30 s), either saline followed im- 
mediately by saline, or midazolam 0.1 mg kg” 
followed immediately by fentanyl 2 ug kg’. Four 
hours after the injection, the subjects consumed 
a beverage which either did or did not contain 
alcohol 0.7 g kg’. Before and 1, 3, 5 and 7h 
after injection (and before and 1 and 3h after 
consumption of beverage}, psychomotor perfor- 
mance and mood were assessed. While both the 
combination midazolam-fentanyl and alcohol 
had independent effects on the dependent 
measures in this study, there was no interaction 
between midazolam-fentany! and alcohol (no 
potentiating of effects of alcohol by iv. 
sedation). We conclude that the effects of benzo- 
diazepines and opioids that are short-acting and 
used in outpatient surgery have probably dis- 
sipated by the time a patient arrives home, and 
that effects from alcohol ingested at home will 
probably not be affected by recent administration 
: of these drugs. 


KEY WORDS 


Alcohol: psychomotor function. Anaesthesia: day care. 
Analgesics: fentanyl. Hypnotics, benzodiazepines: midazo- 
lam. 


The number of outpatient operations is increasing 
[1, 2]. In order to be ready for discharge, patients 
must be able to dress and walk without assistance. 
This does not imply that they can safely drive, 
cook, or care for small children. Despite being 
told not to, some patients drive or even drink 
alcohol [3]. It is important, therefore, to under- 
stand the residual effects of drugs used commonly 
in outpatient surgery or endoscopy and the extent 
to which these residual effects interact with 
alcohol. Many of the drugs used in outpatient 
surgery for analgesia or sedation are Known to 
impair various psychomotor functions well after 
the patient is discharged from hospital [4]. 
There are many studies demonstrating that the 
psychomotor impairing effects of alcohol are 
potentiated by benzodiazepines when the two 
substances are given in combination [5-10]. 
However, there is only one study to date which 
has examined any interactions when alcohol was 
given several hours after i.v. sedation [11]. In our 
study, we sought to determine if fentanyl given in 
combination with midazolam would potentiate 
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the effects of psychomotor and cognitive func- 
tioning of alcohol consumed several hours later. 


SUBJECTS AND METHODS 


We studied 12 healthy males (mean age 23.0 yr 
(range 21-30 yr); weights 78.5 (sD 11.9) kg; 
heights 181.2 (7.5) cm) with a history of rec- 
reational use of alcohol. The study was approved 
by our Board of Institutional Review and informed 
written consent was obtained from subjects before 
the first session. An anaesthetist performed a 
history and physical examination. Subjects were 
excluded if they had an adverse experience with 
general or i.v. anaesthesia, or sedation/analgesia, 
or had any systemic disease. Persons eligible for 
the study were not permitted to take medication 
that was prescription or over-the-counter during 
the 3 weeks of the study. Subjects fasted before 
the testing sessions and did not drink alcohol for 
24 h before sessions. Abstinence from alcohol was 
verified by measuring the concentration of blood 
alcohol when the subject arrived for each session. 
Subjects were paid £196 ($350 U.S.) for their 
participation upon completion of the study. 

The study was double-blind, randomized and 
cross-over. Each subject was tested on four 
different test sessions at intervals of 1 week. 
Subjects received i.v. injections of either midazo- 
lam 0.1 mg kg™ followed immediately by fentanyl 
2 ug kg”, or saline followed by saline, using the 
same volumes of saline as active drug. The time 
for injection for each drug was 30s. Four hours 
later the subjects consumed a beverage that either 
did or did not contain alcohol 0.7 g kg. The 
doses of midazolam and fentanyl used are those 
given usually during outpatient procedures for 
this age group. The dose of alcohol used is 
approximately equivalent to 1.4litre of beer, 
950 ml of wine or 180 ml of spirits and would 
be expected to increase the blood concentration 
of alcohol to approximately 0.6 ml dl“! in a fasted, 
70-kg male. The lemonade-and-lime flavoured 
beverages that contained alcohol had 10% ethyl 
alcohol by volume in a volume of 450 ml (per 
70 kg). Beverages were served cold in cups. 
Subjects had 20 min to consume the beverage. 

Before the first session of the experiment, 
subjects were trained (three practice sessions) to 
use the apparatus in order to prevent further 
learning of the tasks during actual testing. Evalu- 
ation of psychomotor performance and subjective 
effects (see below) were performed before and 1, 
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3, 5 and 7h after i.v. sedation. Blood concentra- 
tions of alcohol were measured before and 5 and 
7 hafter i.v. sedation (1 and 3 h after consumption 
of beverage). A snack was served approximately 
2 h after injection of drug, and lunch was served to 
subjects approximately 6h after injection (1.5h 
after alcohol ingestion). 

Psychomotor effects, mood and blood concen- 
trations of alcohol were the dependent measures 
in this study. These measures took approximately 
25 min to complete and were performed always in 
the same order. The Maddox wing test was used 
to measure eso- and exophoria (motor function of 
the eyes) [12]. An action judgement tester, similar 
to a test of driving, was used: with a steering 
wheel, subjects attempted to keep two pointers on 
a moving track without striking objects; number 
of mistakes (when pointers struck objects) was 
recorded. Body sway was measured using a strain 
gauge that was computerized: subjects stood ona 
force plate for 60s with their eyes closed and 
variations in movement in the antero-posterior 
and lateral direction were recorded. A critical 
flicker fusion test (CFFT) was used to measure 
changes in overall integrative activity of the CNS 
(the CFFT has been shown to be sensitive to the 
effects of fentanyl [13]). Subjects first performed 
three ascending series of trials (from flicker to 
fusion) and then three descending series of trials 
(fusion to flicker). 

Subjects performed four psychomotor tests on 
a computer. Simple auditory and visual reaction 
times were determined by measuring the time it 
took the subject to press a button after hearing a 
sound or seeing a letter on the computer screen. 
Divided attention reaction time was determined 
in a test in which several stimuli were presented 
simultaneously in different sectors of the com- 
puter screen. The subject had to press the 
appropriate key when a certain target stimulus 
appeared in a background of false stimuli; the test 
was run at supramaximal speed so it was im- 
possible to react to all stimuli presented. Number 
of responses that were correct and incorrect were 
recorded also in this test. Eye-hand co-ordination 
was measured by the subject tracking a moving 
circle on a computer screen with a cross controlled 
by a “mouse”. Mistakes of co-ordination were 
measured by counting the number of times that 
the cross exceeded a certain distance (1 cm) from 
the target circle. The duration (in seconds) that 
the cross exceeded 1 cm from the circle was also 
recorded. Accuracy of co-ordination was deter- 
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mined by measuring the mean distance (in pixels) 
between the cross and the target during the test. 

Subjective effects were measured at baseline, 
and 1, 3,5 and 7 h after injection of drugs with the 
Profile of Mood States (POMS). The POMS, 
chosen because it is sensitive to momentary mood 
states, consists of 72 adjectives used commonly to 
describe momentary mood states [14]. There is 
concordance as measured by the POMS scale of 
anxiety and two other standardized measures of 
“state” anxiety (Taylor Manifest Anxiety Scale, 
Spielberger State-Trait Anxiety Inventory) [15]. 
The POMS is the test used most often to quantify 
moods [16]. Subjects indicate how they feel at the 
moment in relation to each of these adjectives, 
from “‘not at all” (0) to “extremely ” (4). Eight 
clusters of items have been derived using factor 
analysis and have been given names that best 
describe the clustered adjectives (anxiety, de- 
pression, anger, vigour, fatigue, confusion, friend- 
liness and elation). In addition, two unvalidated 
scales (arousal and positive mood), shown pre- 
viously to be sensitive to drug effects, were scored. 

Blood concentration of alcohol was measured 
from breath air using an Alco-sensor 3-breath 
analyser (Intoximetrics Instruments, St Louis, 
MO, U.S.A.). 

For each test, two repeated measures multi- 
variate analyses of variance [17] were used. The 
first MANOVA studied the effects of drug 
(present or absent), using all five timepoints 
(hours 0, 1, 3, 5 and 7) in the analysis. The second 
MANOVA studied the effects of alcohol (present 
or absent), and the interaction of midazolam— 
fentanyl and alcohol, if any, using the hours 0, 5 
and 7 after injection as timepoints (5 and 7 h after 
injection were equivalent to 1 and 3h after 
ingestion). P < 0.05 was considered significant. 
Post hoc tests were used, when effects of signifi- 
cance of drug or alcohol were obtained, to 
determine the duration that psychomotor per- 
formance was impaired. We performed additional 
ANOVAs to determine if significant effects of 
learning were present by using week of testing as 
a factor. 


RESULTS 


Table I presents measures of psychomotor per- 
formance and subjective effects obtained before 
and 1 and 3 h after i.v. injection of either saline or 
midazolam—fentanyl. In the table, the four groups 
of study have been reduced to two: results for the 
groups of saline injection—placebo beverage and 
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saline injection—alcohol beverage have been 
averaged; and results for the groups of midazo- 
lam-—fentanyl injection—placebo beverage and 
midazolam—fentanyl injection—alcohol beverage 
have been averaged. Tests in which drug effects of 
significance (or near signigicance) were obtained 
are presented. The injection of midazolam- 
fentanyl caused significant changes in eso/exo- 
phoria (P < 0.05) and increases in the number of 
mistakes made on the action judgement tester (P 
< 0.05). Body sway (antero-posterior) was in- 
creased significantly (P < 0.05) by the drug com- 
bination. Fusion—flicker threshold was also in- 
creased significantly by the drug combination (P 
< 0.001). Auditory reaction time (P < 0.05), div- 
ided attention (P < 0.01), and eye-hand co- 
ordination (P < 0.005) were impaired by midazo- 
lam-fentanyl. Scores of confusion from the POMS 
increased significantly after midazolam—fentany] 
(P < 0.05). The effects of midazolam—fentany! on 
fatigue (P < 0.10) and arousal (P < 0.06) ap- 
proached significance. In general, the effects of 
impairing and sedating of midazolam—fentanyl 
had reached a peak Ih after injection and 
approached baseline values 3 h after injection. 
Mean (sD) blood concentration of alcohol 1h 
after ingestion of alcohol (5h after injection of 
drug or saline) was 0.65 (0.16) mg dl~? (frequently, 
a motorist with a blood concentration of alcohol of 
1.0 mg dl“! is considered to be driving under the 
influence of alcohol). Table II presents psycho- 
motor performance and measures of subjective 
effects obtained at baseline (0h) and 1 and 3h 
after ingestion of beverage comprising either 
placebo or alcohol. In the table, the four groups of 
study have been reduced to two: results from the 
two groups receiving placebo (saline injection— 
placebo beverage and midazolam—fentanyl injec- 
tion—placebo beverage) were averaged and the two 
groups receiving alcohol (placebo injection- 
alcohol beverage and midazolam—fentanyl injec- 
tion—alcohol beverage) were averaged; tests are 
presented in which effects of significance (or near 
significance) of alcohol were noted. Alcohol 
caused significant impairment in visual reaction 
time (P < 0.05), eso/exophoria (P < 0.01), and 
eye-hand co-ordination (P < 0.05). These effects 
of alcohol reached a peak 1h after ingestion and 
returned to baseline 2 h later. Alcohol tended to 
increase fatigue (0.07), elation (0.09) and positive 
mood (0.14), and decrease anger (0.07) and arousal 
(0.10). No significant learning took place during 
the study. There were no significant interactions 
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‘TABLE I. Psychomotor performance and measures of mood (mean (SD)) at baseline (0h) and I and 3h 
after injections of either saline or midazolam-fentanyl. § Significance (P value) is based on repeated meas- 
ures multivariate analysis of variance comparing midazolam—fentanyl with saline, using hours 0, 1, 3, 5 
and 7 as timepoints. Difference score (1 h—0 h) in mid-fentanyl injection condition significantly different 
from difference score (1h—0h) in saline injection condition: * P < 0.05; ** P < 0.01; *** P < 0.001. 
+ Difference score from baseline (3 h—0 h) in mid-fentanyl injection condition significantly different (P < 
0.05) from difference score from baseline (3h—Oh) in saline injection condition. RT = Reaction time; 
CFFT = critical flicker fusion test; MDT = mean distance from target; POMS = profile of mood states 


Time after injection 





Oh lh 3h P$ 
Saline injection 
Eso/exophoria 1.85 (5.84) 1.96 (6.44) 2.17 (6.5) 
(diopters) 
Action judgement 22.6 (14.4) 18.5 (12.4) 17.5 (10.7) 
(mistakes) 
Body sway 
Antero—posterior 692.5 (218.3) 764.1 (375.4) 831.4 (478.2) 
Lateral 651.2 (231.4) 681.7 (286.1) 706.0 (358.5) 
CFFT descend (Hz) 39.4 (6.1) 37.9 (7.1) 37.6 (7.6) 
Auditory RT (s) 0.285 (0.045) 0.295 (0.048) 0.284 (0.039) 
Divided attention RT 0.546 (0.084) 0.533 (0.078) 0.531 (0.076) 
(s) 
No. correct 90.0 (8.6) 91.9 (4.9) 915 (6.7) 
No. incorrect 10.7 (6.9) 10.1 (7.2) 10.1 (7.6) 
Eye-hand co-ord. 
No. mistakes 16.0 (5.7) 15.9 (5.6) 17.3 (6.0) 
Time off target (s) 4.08 (1.79) 3.98 (1.2) 5.09 (4.88) 
MDT (pixels) 10.8 (1.5) 10.7 (1.1) 12.0 (5.6) 
POMS (score) 
Fatigue 0.5 (0.568) 0.357 (0.509) 0.577 (0.725) 
Confusion 0.083 (0.41) 0.042 (0.443) 0.0 (0.326) 
Arousal 0.788 (0.972) 0.818 (1.07) 0.405 (1.23) 
Midazolam—fentanyl 
injection 
Eso/exophoria 2.13 (6.01) 4.29 (6.83)* 3.71 (6.24) 0.05 
(diopters) 
Action judgement 16.5 (12.1) 40.0 (46.8)** 19.1 (14.4) 0.05 
(mistakes) 
Body sway 
Antero—posterior 647.7 (146.1) 1093.3 (453.7)*** 759.4 (382.0) 0.05 
Lateral 593.3 (167.4) 831.7 (359.1)* 587.3 (236.0) 0.08 
CFFT descend (Hz) 38.4 (7.1) 33.3 (6.9)** 35.6 (7.6) 0.001 
Auditory RT (s) 0.276 (0.041) 0.317 (0.05)** 0.291 (0.042) 0.05 
Divided attention RT 0.541 (0.071) 0.57 (0.085)** 0.535 (0.068) 0.01 
(s) 
No. correct 92.3 (4.1) 84.5 (10.7)*** 89.4 (10.0) 0.01 
No. incorrect 85 (4.7) 15.4 (10.9)** 12.4 (9.2)t 0.05 
Eye-hand co-ord. 
No. mistakes 14.3 (4.9) 25.1 (13.5)*** 17.7 (10.2) 0.001 
Time off target (s) 3.46 (0.98) 8.69 (7.85)*** 4.52 (2.9) 0.005 
MDT (pixels) 10.7 (1.2) 14.4 (3.1)*** 11.6 (2.0) 0.001 
POMS (score) 
Fatigue 0.476 (0.531) 0.827 (0.739)** 0.708 (0.759) 0.10 
Confusion 0.048 (0.392) 0.286 (0.374)** 0.131 (0.415) 0.05 
Arousal 0.804 (0.991) —0.127 (1.33)** 0.153 (1.28) 0.06 
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Fic. 1. Number of mistakes made on the eye-hand co- 
ordination task at 0, 1, 3, 5 and 7h after injection of 
midazolam—fentanyl. Five and 7h after injection of midazo- 
lam-—fentanyl correspond with 1 and 3h after ingestion of 
alcohol. W = Placebo injection, placebo beverage; W = 
midazolam—fentany] injection, placebo beverage; C] = placebo 
injection, alcohol beverage; = midazolam-fentany! injec- 
tion, alcohol beverage. 


between injection of midazolam-—fentanyl and 
subsequent ingestion of alcohol for eye-hand co- 
ordination (fig. 1); number of mistakes made in 
the test increased after both injection of midazo- 
lam-—fentanyl and ingestion of alcohol, but the 
injection of i.v. drug did not potentiate the effects 
of alcohol. 


DISCUSSION 


We have demonstrated that short-acting sedatives 
used commonly in outpatient surgery impaired 
psychomotor performance and affected mood, but 
did not potentiate the effects of alcohol when this 
drug was ingested several hours after i.v. sedation. 
The acute impairment of performance by midazo- 
lam [18-21] and fentanyl [13, 22, 23] is consistent 
with other studies. Benzodiazepines have also 
been shown to increase sedation and confusion 
[19, 21, 24, 25]. There is some evidence that 
fentanyl may have effects on the CNS for several 
hours after administration [23]. However, im- 
pairment induced by drug in the present study, 
for the most part, did not last long and returned to 
baseline by 3 h after injection. 

Alcohol had only modest effects in the present 
study. Interestingly, body sway, which is usually 
affected by this drug [26], was not affected. While 
large doses of alcohol appear to have impairing 
effects on a variety of measures of psychomotor 
performance [26], more inconsistent data are 
reported when smali to moderate doses of alcohol 
are studied [10, 27, 28]. 

No interactions between midazolam—fentanyl 
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and alcohol were noted, although other studies 
have shown opposite results [5, 7-10]. However, 
differences in results between our study and those 
of other investigators may probably be accounted 
for by differences in interdrug interval: in other 
studies, benzodiazepines and alcohol were given 
together, whereas in our study the interval 
between i.v. sedation and ingestion of alcohol was 
set at 4h. We attempted to use times and doses 
which mimicked the clinical situation. The results 
of the present study suggest that sedation with 
midazolam and fentanyl for outpatient surgery 
probably dissipates by the time the patient arrives 
home, and that effects from alcohol ingested at 
home will probably not be influenced by the 
recent use of midazolam and fentany]. 
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CLINICAL AND HAEMODYNAMIC EFFECTS OF 
MILRINONE IN THE TREATMENT OF LOW CARDIAC 
OUTPUT AFTER CARDIAC SURGERY 


E. M. WRIGHT AND K. M. SHERRY 


SUMMARY 


We have studied the haemodynamic effects of 
iv. milrinone, a new phosphodiesterase inhibitor, 
in patients with low cardiac output after cardiac 
surgery. Thirty-five patients with a cardiac index 
(Cl) <25 litremin' m? and a pulmonary 
capillary wedge pressure (PCWP) > 8mm Hg 
were given a loading dose of milinone 
50 ug kg’ followed by an infusion at one of 
three rates: 0.375 ug kg’ min, 0.5 ug kg 
min or 0.75 ug kg min for 12h. After 1h 
there were increases in CI (35%) (P < 0.001), 
heart rate (13%) (P < 0.01) and stroke volume 
index (19%) (P < 0.005). There were decreases 
in mean arterial pressure (12%) (P < 0.01), 
systemic vascular resistance (35%) (P < 0.001) 
and PCWP (24%) (P < 0.05). Pulmonary vas- 
cular resistance was unchanged or reduced and 
left ventricular stroke work index was unchanged 
or increased. The haemodynamic improvements 
were sustained throughout the infusion period. 
Milrinone was tolerated well: three patients 
developed tachycardia > 125 beat min’, one 
patient developed atrial fibrillation and one 
patient had a short run of atrial bigemini. We 
conclude that milrinone is a useful agent in the 
treatment of patients with a reduced cardiac 
output after cardiac surgery. 


KEY WORDS 


Heart: low cardiac output. Pharmacology : phosphodiesterase 
inhibitor, milrinone. Surgery: cardiac. 


A reduced cardiac output is a well recognized 
postoperative complication of cardiac surgery. It 
may be caused by either preoperative myocardial 
damage or perioperative myocardial ischaemia or 
infarction. Management may involve use of 
positive inotropic agents, traditionally beta- 


adrenergic agonists often in combination with 
direct acting peripheral vasodilators. 

The bipyridine derivative, milrinone, is a new 
agent combining both inotropic and vasodilator 
effects. It is unrelated structurally to the catechol- 
amines, the digitalis glycosides or the imidazolone 
derivative enoximone. It is a derivative of amrin- 
one and has similar pharmacological and haemo- 
dynamic effects. It acts mainly via phospho- 
diesterase 111 inhibition, resulting in an increase 
in intracellular cyclic adenosine monophosphate 
(cAMP) [1]. Milrinone is 10 to 20 times more 
potent than amrinone and appears to be devoid of 
the important adverse effects of thrombo- 
cytopenia and abnormalities of liver function 
observed with the older drug [2, 3]. 

Previous studies have shown milrinone to have 
beneficial haemodynamic and clinical effects in 
patients with congestive cardiac failure [46] 
without increasing myocardial oxygen consump- 
tion [7]. We therefore performed a dose finding 
study to investigate the clinical and haemodynamic 
effects of i.v. milrinone at different infusion rates 
in a different group of patients, notably those with 
decreased cardiac output after cardiac surgery. 


PATIENTS AND METHODS 


Local Ethics Committee approval was obtained, 
and written informed consent from all patients. 
We studied adults having either valvular or 
coronary artery bypass surgery. All female 
patients were either post-menopausal or infertile. 
Patients were excluded if they had hepatic 
impairment, a plasma creatinine concentration > 
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‘TABLE I. Patient characteristics and operations 
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Group 1 
(Milrinone 
0.375 pg kg min“) 
Sex (M:F) 8:2 
Mean age (yr) 60.7 (46-76) 
Mean weight (kg) 76.3 (56-87) 
Operation (No.) 
Mitral valve 2 
replacement 
Coronary artery 7 
bypass graft 
Aortic valve 1 
replacement 
Mitral and aortic 0 


valve replacement 


250 umol litre? or a platelet count < 100 x 10° 
litre. They were excluded also if they had 
significant arrhythmias or had received inotropic 
therapy 1h before the study. Long acting vaso- 
dilators were withheld for 12h before the 
infusion of milrinone. 

A medical history, physical examination, ECG, 
chest x-ray and haematological analysis were made 
and serum concentrations of electrolytes measured 
24h before surgery. A suitably calibrated flow- 
directed, balloon-tipped pulmonary artery cath- 
eter was inserted before operation via the internal 
jugular vein and a radial artery cannulated for 
direct arterial pressure monitoring and blood-gas 
measurement. The anaesthetic method was not 
standardized. Extracorporeal circulation with 
non-pulsatile flow and moderate hypothermia 
were used during each operation. Myocardial 
protection was provided by cold cardioplegia 
solution and topical hypothermia. 

After the operation, platelet count, ECG and 
chest x-ray were performed. The ECG was 
monitored continuously throughout the study. 
Haemodynamic assessment of the patients was 
undertaken 2h after operation. The haemo- 
dynamic measurements performed were: cardiac 
output (CO) by thermodilution (an average of 
three values was taken), mean pulmonary artery 
wedge pressure (PCWP), systolic, diastolic and 
mean systemic arterial pressure (SAP), mean 
pulmonary arterial pressure (MPAP), mean right 
atrial pressure (RAP) and heart rate. 

Derived haemodynamic values of cardiac index 
(CI), stroke volume index (SVI), systemic vas- 
cular resistance (SVR), pulmonary vascular re- 
sistance (PVR), left ventricular stroke work index 


Group 2 Group 3 
(Milrinone (Milrinone 
0.5 pg kg! min=) 0.75 pg kg min!) 
8:7 7:3 

59.7 (51-76) 55.8 (43-68) 
67.8 (50-84) 70.9 (51-92) 

5 3 

7 6 

2 1 

1 0 


(LVSWI), and right ventricular stroke work index 
(RVSWI) were calculated using standard for- 
mulae. The plasma potassium concentration was 
measured at l-h intervals for 24 h after operation 
and maintained at 44.5 mmol litre. 

Patients were entered into the study if they had 
a stable CI < 2.5 litre min“ m™ in the presence 
of a PCWP > 8 mm Hg. A minimum of two sets 
of readings were taken at least 10 min apart. If the 
lesser of the two readings for either CI or PCWP 
was not within 15% of the greater reading, an 
additional reading was taken. If this value was not 
within 15 % of the second reading, the patient was 
withdrawn from the study. 

Accepted patients were given a loading dose of 
milrinone 50 pg kg over 10 min, followed by an 
infusion of 0.375 pg kg! min™ (first 10 patients), 
0.5 pg kg"? min™! (next 15 patients) or 0.75 pg 
kg! min“ (last 10 patients). The dose regimens 
were non-randomized. 

The haemodynamic measurements were re- 
peated at 15, 30 and 45 min, and 1, 3, 6 and 12h 
after the start of milrinone. After 12 h the infusion 
was stopped and further haemodynamic measure- 
ments were taken after 2 and 4h. 


Statistical analysis 

Analysis of variance was used to assess within- 
and between-group changes and Student’s paired 
t test was used to test the significance of observed 
differences. 


RESULTS 


We studied 22 males and 13 females aged. 
43-76 yr. A summary of the patient data is given 
in table I. There was no significance difference 


MILRINONE AND CARDIAC SURGERY 


587 


TaBe II. Mean (SD) haemodynamic data in groups 1 (milrinone 0.375 ug kg- imin t), 2 (milrinone 


0.5 pg kg- imin 1) and 3 (0.75 ug ken 


1min- 1). *P < 0.05; ***P < 0.001 





Time after infusion 








Baseline 15 min lh 2h 4h 
CI (litre min“! m-*) 
Group | 1.95 2.99%** 2.75%% 2.84*** 2.4* 
(0.36) (0.6) (0.55) (0.44) (0.4) 
Group 2 1.93 2.51 *** 2.59%%* 2.82*** 2.53* 
(0.29) (0.42) (0.38) (0.43) (0.58) 
Group 3 2.06 2.52*** 2.68*** 2.87*** 2.63* 
(0.24) (0.47) (0.39) (0.58) (0.88) 
SVR (dyn 8 cm~?) 
Group 1 1623 1000*** 1063*** 1030*** 1393 
(312) (242) (254) (253) (242) 
Group 2 1811 1281*** 1179*** 1113*** 1457 
(515) (417) (305) (277) (544) 
Group 3 1537 1160*** 1091 *** 1023*** 1426 
(359) (286) (281) (285) (649) 
HR (beat min`?) 
Group 1 79 Q1.B*** 87.3* 85.6* 82 
(15.2) (19.3) (16.3) (11.2) (11.0) 
Group 2 84.8 Q7*xx 98,.7*** 98.5* 89.7 
(16.1) (20.2) (19.3) (20.5) (15.4) 
Group 3 83 93.2* 93.7* 91 90.6 
(16.1) (18) (19.3) (21) (15) 
MAP (mm Hg) 
Group 1 79.4 73.6 71.4* 73.2 84.8 
(9.5) (6.3) (7.8) (11.8) (11) 
7 s Group 2 80 72.8* 72*** 72.4* 83.7 
(12.6) (15.5) (10) (8.4) (15.5) 
Group 3 71.7 68.1* 67.7744 70.1* 80.3 
(12) (10.3) (11.3) (7.6) (9.9) 
PCWP (mm Hg) 
Group 1 10.7 8.8 9.1* 9.4 12.5 
(2.5) (2.7) (2.7) (3.5) (4.1) 
Group 2 10.6 7.9%ik 8.1* 9.0* 12 
(2) (2.7) (3.1) (2.9) (4.6) 
Group 3 11.2 7.147 7.4*kk 9.6 11.1 
(4.2) (3.8) (3.2) (5.3) (6.5) 
LVSWI (g mm™) 
Group 1 23.3 28.6* 26.8 28* 28.1* 
(5.1) (4.8) (5.3) (5.4) (3.9) 
Group 2 21.8 23.5 23* 25.8* 27.3* 
(6) (7.8) 65.3) (5.3) (7.3) 
Group 3 23.2 23.1 23.9 26.3 27.3 
(8.9) (8.8) (7.1) (8.9) (10.9) 
SVI (ml m`’) 
Group 1 24.8 32.6* 31.6* 33.1* 28.8* 
(3.6) (4.5) (4.6) (3.5) (2,3) 
Group 2 23.1 26.4* 26.8*** 29. Bree 28,.2*** 
(4.2) (5.5) (5.5) (4.7) (5.1) 
Group 3 25.4 27.5 28.8* 32.1* 29.4 
(7.3) (8.4) (7.3) (9.3) (11.1) 


between the baseline haemodynamic measure- 
ments in the three groups. Changes in haemo- 
dynamic variables are summarized in table II. 
There was a significant (P < 0.001) improve- 
ment in CI in all three dose groups, which was 


sustained throughout the period of infusion. The 
average increase was 34% after 15 min and 35% 
after 60 min. Between-groups analysis revealed a 
greater increase in CI in group 1 after 15 min (P 
< 0.05}—CI increased by 53%. This was the 
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only statistically significant difference between 
the groups. 

SVR decreased significantly (P < 0.001) in the 
three groups, by an average 32 % after 15 min and 
35% after 1 h. The vasodilating effect of milrinone 
was sustained throughout the infusion and there 
was no significant difference between groups. 

There was an initial increase in heart rate after 
the loading dose from an average of 82 beat min`? 
to an average of 94 beat min™ after 15 min and 93 
beat min“ after 1 h (P < 0.01). In three patients 
the increase in heart rate was considered a 
clinically adverse event. These patients are dis- 
cussed further below. 

Mean arterial pressure decreased and was 
significant (P < 0.01) in the mid and high dose 
groups after 15 min and in all groups after 1h, 
when an average decrease of 9 mm Hg was seen. 
Although the decrease in arterial pressure was less 
in the low dose group, the difference between 
groups was not significant. - 

PCWP decreased by an average 26% after 


15 min and was greater in the mid and high dose 


groups: 25% (P < 0.001) and 37% (P < 0.001), 
respectively. The differences between the three 
groups was not significant. SVI increased by an 
average of 18% after 15min and 19% after 
60 min (P < 0.005). 

There was a significant decrease in MPAP in 
the mid and high dose groups after 15 min and a 
significant decrease in PVR in the low dose group 
after 15 min and 60min. RAP was either un- 
changed or decreased and LVSWI was either 
unchanged or increased. There was no significant 
change in RVSWI. 

Following discontinuation of the infusion, CI 
decreased by 11% and SVR increased by 35%. 
Heart rate and mean arterial pressure returned 
towards baseline values. Haematological and bio- 
chemical measurements before and after milrinone 
revealed no changes in platelet count or liver 
function. 


Adverse events 


Two patients developed sinus tachycardia. The 
first was a patient in the mid dose group who had 
an aortic valve replacement for aortic stenosis and 
whose heart rate increased from 87 to 127 beat 
min`! after 6 h, settling to 86 beat min™ 4h after 
the infusion. The second was a patient in the high 
dose group who had coronary bypass surgery and 
showed a similar pattern of change in heart rate. A 
third patient who had a mitral valve replacement 
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Fic. 1. Mean (sM) LVSWI and PCWP of all patients at 
baseline (B) and 15 min after the start of the initial dose of 
milrinone. 


for mitral regurgitation was in atrial fibrillation 
before receiving milrinone; heart rate increased - 
from 105 to 135 beat min`’ within the first 1 h, but 
decreased after digoxin 0.625 mg. One patient in 
the high dose group who had a mitral valve 
replacement for mitral regurgitation had episodes 
of atrial fibrillation after commencing milrinone, 
reverting to sinus rhythm at the end of the 
infusion. One patient in the high dose group had 
a 15-s period of atrial bigemini. 


DISCUSSION 


The aim of our study was to investigate the effects 
of milrinone in a group of patients different from 
those studied previously. Thus the study design 
was open and non-comparative. Patients were not 
allocated randomly to the three dose groups; 
instead the dose of milrinone was increased 
sequentially because the sensitivity of patients to 
milrinone after cardiac surgery was not known. 
The overall haemodynamic changes seen in our 
study confirmed the efficacy of milrinone as an 
inotrope and vasodilator. Although heart rate 
increased, there was also an increase in SVI, 
indicating that the improvement in CI was not 
caused solely by increase in heart rate. The s 
improvement in left ventricular function after the 
initial loading dose of milrinone is shown in figure 
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1, which demonstrates an upward and leftward 
shift of left ventricular function, indicating that 
the changes were probably caused by a com- 
bination of reduced SVR and increasing myo- 
cardial contractility. 

The vasodilating properties of milrinone were 
confirmed by the significant reduction in SVR 
seen in all three groups. This was accompanied by 
a decrease in MAP, but in no patients did this 
cause concern. The least value of MAP recorded 
was 52mm Hg at 15 min in one patient in the 
middle dose group. 

The only difference between the groups which 
was statistically significant was a greater increase 
in CI in group 1 at 15 min. It is interesting to note 
that PCWP was maintained better in this group at 
15 min, although the difference was not stat- 
istically significant. As the decrease in SVR was 
similar in all three groups, it is possible that this 
reflects the infusion of greater volumes of fluid to 
the low dose group. 

Our results otherwise showed no marked dif- 
ference between the three dose groups. This 
probably reflects the fact that the initial loading 
dose of 50 ug kg? was the same for all three 
groups. Previous pharmacokinetic studies in 
patients with congestive cardiac failure have 
shown an elimination half-life of between 1.5 and 
1.7 h [8, 9] after an i.v. dose of 12.5-75 ug kg. 
Thus the initial blood concentration of milrinone 
would have been similar in all three groups. The 
haemodynamic improvement was sustained 
throughout the infusion period. 

Discontinuation of milrinone was followed by a 
decrease in cardiac index, although not to baseline 
values, and probably reflects an underlying re- 
covery. However, there was a marked increase in 
SVR, thus confirming that the vasodilatation was 
primarily caused by milrinone and was not merely 
a reflection of patient warming after cardiac 
bypass. 

The incidence of adverse effects in this study 
was acceptable. We noted tachycardia as an 
important side effect in fewer than 10% of 
patients; however, this did not lead to clinical 
deterioration and it resolved on stopping the 
infusion. Anti-arrhythmic therapy was required 
for one patient who had chronic atrial fibrillation 
and suffered an increase in ventricular rate after 
milrinone was started; however, dose adjustment 
-or drug discontinuation was not necessary. As 
arrhythmias are common in these patients, it is 
difficult to evaluate the arrhythmic effects of 
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milrinone. Electrophysiological studies have 
shown that i.v. milrinone enhances atrioventric- 
ular conduction, which may explain the increased 
ventricular rate in the patient with atrial fibrillation 
[10]. 

Long term trials of oral milrinone in chronic 
cardiac failure showed an increased mortality in 
patients assessed as New York Heart Association 
(NYHA) grade IV who received oral milrinone 
therapy, resulting in withdrawal of the oral 
preparation. However, trials of i.v. infusion of 
milrinone for 48 h to a similar group of patients 
with chronic cardiac failure (CCF) have shown a 
low incidence of adverse effects and no increased 
mortality [11]. 

An important question concerning the use of 
milrinone in postoperative cardiac surgical 
patients is its effect on myocardial oxygen con- 
sumption. The observed effects of milrinone 
produce opposing influences on the determinants 
of myocardial oxygen consumption: there is 
modest increase in heart rate and a modest 
decrease in systolic arterial pressure. In our study, 
the change in rate-pressure product was +7% 
after 60 min. There is evidence from previous 
studies that short-term administration of milrin- 
one does not increase myocardial oxygen con- 
sumption [7, 12]. 

The combination of inotropic and vasodilator 
treatment in the management of patients with 
heart failure after cardiac surgery is often more 
beneficial than each therapy alone. Milrinone has 
been compared with dobutamine [5] and with 
sodium nitroprusside (SNP) [6] in studies of 
patients with CCF. When i.v. administration of 
milrinone and SNP were compared for a matched 
reduction in MAP or SVR, milrinone caused a 
significantly greater increase in LVSWI at the 
same or lesser left ventricular end-diastolic press- 
ure (LVEDP). When compared with dobutamine, 
both milrinone and dobutamine improved cardiac 
index to a similar degree, but milrinone caused a 
significantly greater reduction in RAP, PCWP 
and LVEDP. 

Milrinone has a mechanism of action which 
differs from that of the catecholamines. The latter 
increase cAMP by stimulation of myocardial beta- 
adrenergic receptors which are linked to the 
cAMP synthesizing enzyme adenylate cyclase. 
Prolonged use of catecholamines is known to lead 
to a loss of responsiveness caused first by down 
regulation of receptors and second because the 
prolonged increase in cAMP concentration leads 
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to increases in phosphodiesterase activity and 
enhances tolerance to beta-agonists. Large doses 
of catecholamines may also cause tachycardia and 
arrhythmias. Patients who require beta-adrenergic 
inotropic therapy for several days are therefore at 
risk of tachyphylaxis and the effects of prolonged 
catecholamine stimulation. Down regulation of 
beta receptors may occur also in patients with 
long-standing left ventricular failure. As phospho- 
diesterase inhibitors have a mechanism of action 
different from that of catecholamines, their efficacy 
is not reduced by down regulation of beta- 
receptors and thus they may be of benefit in 
patients requiring prolonged inotropic therapy 
and for patients with chronic left ventricular 
failure [13]. 
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RENAL FUNCTION AFTER CARDIOPULMONARY BYPASS 
‘IN CHILDREN: COMPARISON OF DOPAMINE WITH 


DOBUTAMINE 


R. WENSTONE, J. M. CAMPBELL, P. D. BOOKER AND R. McKAY 


SUMMARY 


We have compared low dose dopamine with 
dobutamine in conserving renal function in 142 
children younger than 10 yr undergoing cardio- 
pulmonary bypass (CPB). Patients were allo- 
cated randomly to receive a continuous infusion 
of either dopamine 2.5 ug kg min (group 1) 
or dobutamine 2.5 ug kg" min“ (group 2) from 
the time of induction of anaesthesia. Administra- 
tion of inotropes and diuretics was controlled 
strictly to agreed regimens. There was no Clinical 
or Statistically significant difference between the 
‘two groups in postoperative urine output, serum 
concentration of creatinine, fractional sodium 
excretion or need for diuretic therapy. This was 
true also of the subgroup of patients who 
received no other inotropic support. However, 
the subgroup of patients in group 1 who 
underwent periods of CPB in excess of 2h (n= 
17) had persistently greater postoperative serum 
concentrations of creatinine. Low dose dopa- 
mine did not appear to be superior to dobuta- 
mine for protection of renal function in these 
patients. 


KEY WORDS 


Kidney: function. Pharmacology: dobutamine, dopamine. 
Surgery: cardiopulmonary bypass, paediatric. 


Acute renal failure has long been recognized as 
one of the more serious complications of cardiac 
surgery and cardiopulmonary bypass (CPB) in 
both adults [1] and children [2]. Dopamine has 
been used to improve and maintain renal function 
in several circumstances including the period of 
CPB in adults [3, 4]. This effect is thought to be 
a result of selective action on renal DAI receptors 
[5, 6], enhancement of cyclic AMP activity [6] 
and suppression of aldosterone secretion [7]. It is 


thought to increase renal blood flow [5, 8, 9], 
glomerular filtration rate (GFR) [8], sodium 
excretion [8] and urine output [10]. 

In adults, at equal systemic arterial pressure 
and flow, dopamine produces a greater diuresis 
and natriuresis than does dobutamine with similar 
GFR and effective renal plasma flow [3]. It also 
produces a greater reduction in renal vascular 
resistance and a greater increase in the renal blood 
flow : cardiac output ratio [4]. However, one small 
study of 14 children [11] was unable to dem- 
onstrate any benefit of low dose dopamine after 
CPB. Although both dobutamine and dopamine 
are useful inotropes after cardiac surgery [12, 13], 
there has been no study to determine their relative 
effect upon renal function in children. 

We have compared the effects of continuous 
infusions of low dose dopamine and dobutamine 
on renal function in the perioperative period in 
children undergoing CPB. 


PATIENTS AND METHODS 


We studied 147 children aged 5 weeks to 9 yr 
undergoing elective open-heart surgery with car- 
diopulmonary bypass (CPB). Approval was ob- 
tained from the Ethics Committee of the Royal 
Liverpool Childrens Hospital (Alder Hey) and 
informed signed consent was obtained from one 
or both parents of each child. 
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Tane I. Patient and cardiopulmonary bypass (CPB) characteristics (mean (SD) frange]). BSA = Body surface area 
Dopamine Dobutamine 
Whole Single Whole Single 
group inotrope CPB >2h group inotrope CPB >2h 
(n = 74) (n = 37) (n= 9) (n = 68) (n = 38) (n = 8) 
Age (months) 30 33 34 37 35 63 
[1-108] [4-94] [2-77] [1-117] [1-103] [13-117] 
Sex (% male) 62 54 100 56 47 75 
BSA (m?) 0.49 (0.19) 0.53 (0.24) 0.51 (0.19) 0.54 (0.21) 0.53 (0.21) 0.72 (0.26) 
[0.2-0.9] [0.3-0.9] [0.3-0.8] [0.2-1.2] [0.2-1.0] [0.3-1.2] 
CPB (min) 72 (41.8) 45 (19.2) 153 (31.8) TT (49.0) 50 (19.1) 177 (56.2) 
[26-207] [26-120] [125-207] [25-265] [26-118] [131-265] 
Cross-clamp 37 (25.8) 24 (14.0) 55 (26.1) 37 (29.5) 24 (14.3) 83 (52.6) 
(min) [0-159] [0-59] [35-159] [0-177] [0-62] [14-177] 
Low flow (min) 5 (10.5) 0.6 (3.0) 19 (15.8) 8 (16.4) 2 (6.1) 34 (34.7) 
[0-40] [0-18] [0-36] [0-91] [0-13] [0-91] 
Inotrope (No.) 1.7 (0.8) 1.0 2.6 (0.7) 1.7 (0.9) 1.0 2.5 (0.8) 
[1-4] [2—4] [1-4] [2-4] 


Patients were allocated randomly to one of two 
groups using opaque sealed envelopes: group 1 
received “low dose” dopamine (2.5 ug kg min“) 
and group 2 the same dose of dobutamine. The 
“trial” drug was started immediately after in- 
duction of anaesthesia and insertion of central 
venous cannulae and given continuously through- 
out CPB. 

- All patients received our standard premedi- 
cation, induction and intraoperative management 
of CPB (Appendix). 

If inotropic support was required before or 
after CPB, patients in group 1 received dobuta- 
mine as needed up to 10 pg kg min™; patients in 
group 2 received dopamine as needed up to 
10 ug kg? min“. If greater inotropic support was 
required, adrenaline was used in place of dobuta- 
mine or dopamine, respectively, maintaining a 
constant dose of the trial drug throughout. 
Isoprenaline or vasodilators (glyceryl trinitrate or 
epoprostenol) were used where indicated for 
bradycardia or afterload reduction. 

Postoperative fluid therapy was managed as 
follows: a total fluid intake of 500 ml m? on the 
first day after operation, 750 ml m~? on the second 
and 1000 mi m~? on the third. Further diuretic 
therapy was given if urine output decreased to less 
than 2 ml kg! h“! (averaged over 2 h): mannitol 
20 % was given first at the rate of 1 ml kg~! h™ for 
5h and if there was no response after 1h, 
frusemide 1 mg kg! was given. The dose of 
frusemide was doubled every 30 min thereafter 


until a urine output of 2 ml kg h~t was obtained 
(up to a maximum dose of 4 mg kg~!). Mannitol 
infusion was repeated at intervals of 12h for the 
same criteria of urine output. 

Blood and urine samples were obtained after 
induction of anaesthesia, before commencement 
of the trial drug, 30 min after cessation of CPB 
and thereafter at 6-h intervals for 48h or until 
arterial and urinary catheters were removed, 
whichever occurred sooner. These samples were 
used to measure urine and serum concentrations 
of sodium and creatinine, blood-gas tensions and 
acid-base state. Fractional sodium excretion 
(FExa) was calculated from the formula: 


Fay, = 100 x CUyna/C Sna X CSo./CU gy 


where Cu and Cs are the urine and serum 
concentrations respectively of sodium (Na) or 
creatinine (Cr). 

Data were analysed graphically to determine 
whether or not they were distributed normally. 
An unpaired Student’s t test was used where data 
were found to be normally distributed. The 
Mann-Whitney U test was used for other data. 
Data are expressed as mean (SEM) except where 
stated otherwise. f 


RESULTS 


Of the 147 children entered into the study, one w 


child died in theatre and one soon after leaving 
theatre. The data on three patients were missing 
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TaBe II. Urine output and diuretic administration (mean (SD) [range]) 
Dopamine Dobutamine 
Whole Single Whole Single 
group inotrope CPB >2h group inotrope CPB >2h 
(n = 74) (n = 37) {n = 9) (n = 68) (n = 38) (n = 8) 
Urine output 3.1 (1.1) 3.1 (0.9) 2.4 (1.1) 3.3 (1.6) 3.4 (1.3) 2.3 (1.2) 
(mi kg“? h71) [0-5.7] [1.8-5.7] [1.3-3.7] [0.1-9.5] [1.9-6.9] [0.1-4.4] 
'Total frusemide 99 (149) 47 (62) 255 (350) 96 (89) 65 (62) 151 (109) 
(ug kg? h`!) [0-1128] [0-300] [01128] [0-358] [0-166] [0-306] 
Mannitol 0.9 (0.7) 0.6 (0.5) 1.3 (0.7) 0.8 (0.8) 0.5 (0.6) 1.1 (1.1) 
(g kg"? /48 h) [0-3] [0-2] [0-2] [0-4] [0-2] {0-3 


Mean creatinine (umol litre” ") 





Pre 0.6 6 


12 18 24 30 36 42 48 
Time (h) 
Fre. 1. Comparison of the mean serum concentrations of 
creatinine for four patient subgroups: low dose dopamine only 
(+); low dose dobutamine only (©); group 1 patients, CPB 
>2h (x); group 2 patients, CPB > 2h (@). 


or incomplete, leaving 142 cases (74 in group 1, 68 
in group 2) for analysis. 

The distribution of patients with regard to age, 
sex and body surface area is shown in table I, with 
CPB data and inotropic drug therapy. 

There were no differences in renal function 
between the two groups as assessed by urine 
output, diuretic requirements (table II), serum 
concentration of creatinine and FE,,. Five patients 
in each group required renal support (continuous 
arteriovenous haemofiltration or peritoneal di- 


alysis); eight of these died (three in group 1; five 
in group 2). 

More detailed analyses of the results to evaluate 
the effect of other variables (age (< 1 yr, 1-3 yr, 
> 3 yr), sex, bypass, aortic cross-clamp, low flow 
times and inotrope therapy) also showed no 
clinically or statistically significant differences. 
Assessment of the patients who received the trial 
drug in isolation and required no other inotropic 
agents (table II) also revealed no differences 
between groups. 

Patients with prolonged CPB (> 2h) (n = 18), 
aortic cross-clamp (> 1h) (n = 22) or low flow 
times (> 20 min) (n = 18) showed greater im- 
pairment of renal function, but the numbers were 
too small to demonstrate any significant differences 
between the trial drugs (fig. 1). 


DISCUSSION 


We have been unable to show any advantage of 
low dose dopamine (2.5 pg kg min™) in com- 
parison with a similar dose of dobutamine given 
without any other inotropic therapy. This would 
appear to be contrary to the findings in adults 
undergoing CPB [3, 4] or aortic cross-clamping 
{14], but accords with the findings of Girardin 
and colleagues [11]. A study in piglets [15] showed 
a more beneficial effect of dobutamine than 
dopamine on renal function. This may have been 
a result of a maturation process of dopamine 
receptors in the kidney [16]. However, we were 
unable to demonstrate any differences in our 
results throughout the age range of the patients in 
this study, and other workers have claimed that 
there is functional maturity of dopaminergic 
receptors, even in preterm infants [17]. 

These results question the value of an infusion 
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of low dose dopamine as a method of protecting 
renal function compared with dobutamine infused 
at the same rate. 

Although the numbers of patients in the groups 
at greater risk of impaired postoperative renal 
function were too small to demonstrate stat- 
istically significant differences, there appeared to 
be a trend towards poorer renal function in the 
patients who received the low dose dopamine 
infusion. The reasons for this are not clear, 
because of the large number of variables in these 
patients, but the possibility remains that the 
patients who received the low dose dobutamine 
infusion benefited from the high dose of dopamine 
that they received for inotropic support or, 
conversely, that the larger doses of dobutamine 
received by the low-dose dopamine patients were 
more detrimental to renal function. 


APPENDIX 


MANAGEMENT OF CPB PATIENTS 


Premedication. Trimeprazine 1.5 mg kg orally 3h before 
operation; morphine 0.25 mg kg“! and atropine 20 pg kg 
im. 1h before operation. Children younger than 6 months 
received atropine only; those between 6 months and 1 yr 
received atropine and morphine only. 

Induction of anaesthesia. Thiopentone 4 mg kg™ with vecu- 
ronium 0.15 mg kg". 

Maintenance. Midazolam 120 pg kg" h~! with diamorphine 
12 ug kg™t hot. 

Intraoperative fluids. Glucose 5% in 0.45% saline 1 ml 
kg1h-}, except for children weighing less than 10 kg who 
received 10% glucose in 0.45% saline at the same rate. 

Before CPB all patients received potassium canrenoate 
5 mg kg~!. This dose was repeated at the end of CPB, together 
with frusemide 0.25 mg kg. 

Oxygenator. Hither a bubble or a membrane oxygenator, the 
latter being used in the more complex cases. 

Prime. A mixed blood and crystalloid prime was used to 
produce a final PCV of 0.25. 

Cardioplegia. Blood cardioplegia was used for all cases. 

Bypass. Full flow on CPB was calculated as either 
100 ml kg™! min`! where body weight was less than 10 kg or 
2.4 litre m`? min“ if greater than 10 kg. 

None of the oxygenator fluid volume was re-infused after 
bypass. 
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INFLUENCE OF HYPERTONIC VOLUME REPLACEMENT 
ON THE MICROCIRCULATION IN CARDIAC SURGERY 


J. BOLDT, B. ZICKMANN, C. HEROLD, M. BALLESTEROS, F. DAPPER 


AND G. HEMPELMANN 


SUMMARY 


We have studied the effects of two types of 
volume replacement on the microcirculation in 
an open, controlled study in 45 patients under- 
going aorto-coronary bypass grafting whose 
pulmonary capillary wedge pressure (PCWP) 
was <5mm Hg. Hypertonic saline prepared in 
hydroxyethy/starch solution (HS-HES, n = 15) 
and 6% HES 200/0.5 solution (6% HES; n = 15) 
were infused randomly before operation in order 
to double the PCWP. Patients not given an 
infusion served as controls (n = 15). Skin micro- 
circulatory blood flow was investigated by laser 
Doppler flow (LDF) measured simultaneously at 
the forearm and forehead before and after 
cardiopulmonary bypass (CPB). Less HS-HES 
(3.8 (SD 0.3) ml kg) than 6% HES-solution 
(9.7 (1.5) ml kg) was necessary to double 
baseline PCWP. There were no differences in 
heart rate and mean arterial pressure (MAP) 
between the groups. Cardiac index (CI) in- 
creased significantly in both volume groups (HS- 
HES max. +54%; 6% HES max. +30%). 
Systemic vascular resistance (SVR) decreased 
after infusion of HS-HES (—30%) and after 6% 
HES(—19%) and remained almost unchanged 
in the control group. Plasma viscosity decreased 
after infusion of HS-HES and increased slightly 
in control patients (+4%). In comparison with 
the 6% HES and particularly with the control 
group, LDF was significantly greater after in- 
fusion of HS-HES (forearm +80%; forehead 
+28%). LDF during CPB and thereafter was 
always greater than baseline values in the HS- 
HES group, whereas after bypass LDF was 
reduced in the 6% HES (—5%) and particularly 


+ in the control patients (—30%). No differences 


in temperature (oesophageal, rectal, forearm, 
forehead) occurred between groups. Changes in 


MAP, Cl, SVR, haemoglobin and viscosity did 
not correlate with skin blood flow. It was 
concluded that the preoperative infusion of HS- 
HES resulted in a significant improvement in 
microcirculation before, during and after CPB. 


KEY WORDS 
Blood: volume, microcirculation. Surgery: cardiovascular. 


The “ideal” medium for intravascular volume 
replacement is still under discussion [1]; both 
crystalloid and colloid solutions have been 
advocated [2, 3]. Hypertonic solutions (HS) have 
been used in the treatment of refractory hypo- 
volaemic shock (“small volume resuscitation ”) 
[4-9] and produced enhanced vasomotion and 
improved capillary flow [10]—effects which could 
not be achieved with conventional fluids. 

Evaluation of the microcirculation is difficult. 
Laser Doppler flowmetry is a non-invasive tech- 
nique by which changes in the skin micro- 
circulation can be studied without risk to the 
patient [11-14]. A linear relationship with tm vitro 
measurement of red cell flux and in vivo measure- 
ment of blood flow assessed by other methods has 
been demonstrated [13,15]. The present study 
was designed to investigate the effect of volume 
therapy with a new hypertonic saline solution on 
microcirculation assessed by laser Doppler tech- 
nique and to compare it with standard hydroxy- 
ethyl starch (HES) solution in cardiac surgery 
patients. 
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PATIENTS AND METHODS 


We studied 45 male patients undergoing elective 
aorto—coronary bypass grafting, in an open, 
controlled study which was approved by the 
hospital’s Human Ethics Committee. All patients 
had a pulmonary capillary wedge pressure 
(PCWP) <5mm Hg after induction of anaes- 
thesia. Patients with renal dysfunction, concomit- 
ant valvular disease, unstable angina or reduced 
left ventricular function (left ventricular ejection 
fraction (LVEF) < 40%; left ventricular end- 
diastolic pressure (LVEDP) > 20 mm Hg) were 
excluded. The patients were allocated randomly 
to three groups: 

HS-HES group (n = 15): A hypertonic saline 
solution prepared in low molecular weight 
(mol. wt) hydroxyethylstarch (HES) solution (6% 
HES: mol. wt 200000 Da; molar substitution 
(MS) 0.5; NaCl 72g litre, HES 60 g litre’; 
osmolarity 2400 mosmol litre! (Fresenius, Bad 
Homburg, FRG)) was infused before surgery in a 
volume sufficient to double baseline PCWP within 
20 min. 

HES group (n = 15): standard low mol. wt 
hydroxyethylstarch (HES) solution (6% HES: 
mol. wt 200000 Da; MS 0.5; NaCl 9.0 g litre}; 
osmolarity 309 mosmol litre? (Fresenius, Bad 
Homburg, FRG)) was given to the same endpoint 
as in the HS-HES group. 

Control group (n = 15): no additional volume 
was infused. 


Anaesthesia and cardiopulmonary bypass (CPB) 


Premedication comprised flunitrazepam 0.025 
mg kg? i.m. and morphine 0.15 mgkg™! 1h 
before anaesthesia, which was induced with 
midazolam 0.15 mg kg and fentanyl 4 pg kg", 
followed by pancuronium 0.1 mg kg-. Anaes- 
thesia was maintained with fentanyl (total dose 
35 ug kg~!), midazolam (total dose 0.60 mg kg»), 
and pancuronium (total dose 0.25 mg kg"). The 
patient’s lungs were ventilated with an Fig. of 
1.0 and zero end-expiratory pressure (ZEEP) 
until the end of the operation. The two groups did 
not differ in ventilation patterns or anaesthetic 
technique. 

CPB was performed using membrane oxy- 
genators (Sorin 41, Sorin, Torino, Italy). A flow 
of 2.4 litre min™ m? was used throughout, and 
slight hypothermia (lowest rectal temperature 
33.2 (0.7) °C) was maintained. The circuit was 
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primed with Ringer’s solution 1000 ml, 5% 
glucose 1000 ml and 5% human albumin 250 ml. 
Bretschneider’s cardioplegic solution 1000 ml 
(Na* 15 mmol litre“!, no Ca®*, mannitol 20 mmol 
litre, buffered with histidine 180 mmol litre~!) 
was used to preserve myocardial function. During 
and after weaning from CPB, haemoconcentra- 
tion was performed with a haemofiltration 
system (HF-80, Fresenius, Bad Homburg, FRG). 
Ringer’s solution was added to the heart—lung 
machine as required to maintain flow; when the 
haemoglobin concentration was <7¢gdil-}, 
packed red cells were added to the perfusate. 
Blood remaining in the extracorporeal oxygen- 
ation equipment was salvaged by haemofiltration 
and retransfused until the end of the operation. 
After CPB, protamine was given to antagonize the 
heparin. 

Heart rate (HR), mean arterial pressure (MAP), 
pulmonary arterial pressure (PAP), pulmonary 
capillary wedge pressure (PCWP), right atrial 
pressure (RAP) and cardiac output (CO) (thermo- 
dilution technique) were measured. Derived para- 
meters (cardiac index (CI); systemic vascular 
resistance (SVR)) were calculated from standard 
formulae. 

Changes in microvascular blood flow were 
measured with a two-channel laser Doppler skin 
blood flux monitor (MBF-3D, Moor Instruments, 
Devon). This uses a low power, near infra-red 
laser diode as a light source, optical fibres to 
transmit light and photodiode detection of the 
collected light. The laser Doppler measures blood 
flow in approximately 2 mm? of tissue. The device 
yields electrical signals proportional to the num- 
ber of moving blood cells and the average velocity 
of the red blood cells (RBC). The reflected light is 
registered by a photodetector and processed in 
real time to yield an output (mV) of arbitrary flow 
units. The product of the volume and the velocity 
of the RBC is the RBC flux or laser Doppler flow 
(LDF), which reflects local microvascular blood 
fiow [16]. In addition, the concentration of RBC 
(number/unit volume) (= concentration) and the 
mean RBC speed (= speed) in the local tissue 
region were recorded. Details of technique and 
theoretical background have been described else- 
where [17]. One laser probe was placed on the 
patient’s forehead (probe 1), and the other on the 
inner part of the right forearm (probe 2). Cu- 
taneous temperature probes were placed next to ~ 
the laser Doppler probes to measure skin tempera- 
tures simultaneously. 
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TABLE I. Patient data, preoperative heart catheterization variables, and data from cardiopulmonary by- 
pass (CPB) (mean (range or SD)). LVEF = Left ventricular ejection fraction; LVEDP = left ventricular 
end-diastolic pressure; Ischaemia = duration of aortic cross-clamping; Infusion = Ringer’s solution 
infused until first day after op. Significant differences (P < 0.05): * compared with control group; 











tcompared with HES group 

7 HS-HES HES Control 
Age (yr) 61.3 (55-65) 60.6 (54-67) 58.6 (54-62) 
Weight (kg) 71.6 (7.7) 77.7 (5.5) 75.0 (6.6) 
LVEF (%) 67.1 (4.4) 70.3 (5.6) 70.1 (5.4) 
LVEDP (mm Hg) 14.9 (4.4) 12.2 (3.5) 11.2 (2.7) 
CPB (min) 69.3 (15.1) 73.4 (13.1) 70.6 (16.9) 
Ischaemia (min) 41.7 (9.4) 45.5 (8.9) 41,3 (6.9) 
Fluid balance —450 (200)*} +200 (200) +600 (200) 

during CPB (ml) 

Infusion (ml) 1660 (300)* 1900 (400)* 2400 (400) 
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I Fic. 1. Changes in cardiac index (CI) and systemic vascular resistance (SVR) in the three groups. CPB 


= Cardiopulmonary bypass. Significant differences (P < 0.05): *compared with control group; 
+ compared with HES group. 
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CPB 5min 45min 


After CPB 


CPB 5min 45min 


After CPB 


Fic. 2. Changes in haemoglobin (Hb) and plasma viscosity. CPB = Cardiopulmonary bypass. 
* P < 0.05 compared with control group. 


Haemoglobin (Hb) PCV, colloid osmotic 
pressure (COP) (sartorious membrane 20000 Da), 
and plasma viscosity were measured from arterial 
blood samples. Measurements were performed 
after induction of anaesthesia when cardiovascular 
stability was attained (baseline values), immedi- 
ately and 20 and 40 min after the end of the 
volume infusion, 20 min after the start of CPB, 
5 min after weaning from CPB, and at the end of 
the operation. 


Statistical analysis 


Results were expressed as mean (sD). Data were 
analysed using one-way (biometric data, data 


from perioperative period) and two-way analyses 
of variance (all haemodynamic variables), in- 
cluding multi-variate analysis of variance followed 
by Scheffé’s test. Alterations in microcirculation 
from baseline values are presented as percentage 
changes because the output of the laser Doppler 
flow monitor is in arbitrary flow units. These 
percentage changes were additionally tested by H 
test (Kruskal-Wallis). Analysis of covariance and 
regression analysis were used to detect a re- 
lationship between two variables. P < 0.05 was 
considered statistically significant. 
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TABLE II. Mean (sp) changes from baseline (%) in skin blood flow measured at the forehead and forearm. CPB = 
Cardiopulmonary bypass; LDF = laser Doppler flow. Significant differences (P < 0.05): *compared with control group; 








tcompared with HES group 
After volume infusion After CPB 
During 
LDF 0 min 20 min 40 min CPB 5 min 45 min 

Forehead 

HS-HES +29 (10)*t +30 (11)*t +20 (9)*+ +10 (10)*t +21 (12)*+ +9 (7)*t 

HES —8 (8) +4 (8)* +3 (6)* —15 (9)* —2 (9)* —4 (7)* 

Control —12 (6) —22 (11) —21 (10) —30 (10) —22 (11) —31 (12) 
Forearm 

HS-HES +41 (14)*+ +89 (15)*F +78 (15)*¢ +51 (12)*+ +57 (15)*t +40 (12)*+ 

HES +7 (5) +57 (16)* +41 (17)* +23 (17) +25 (15) +14 (11) 

Control +6 (5) +1(10) +8 (15) +29 (13) +30 (13) +10 (10) 


Tase III. Mean (sp) changes from baseline (%) in concentration measured at the forehead and 
forearm. CPB = Cardiopulmonary bypass. Significant differences (P < 0.05): *compared with control 
group; t compared with HES group 








After volume infusion After CPB 
During 

Concn 0 min 20 min 40 min CPB 5 min 45 min 
Forehead 

HS-HES +21 (11)* +20 (12)* +10 (10) —15 (11) —9 (9)* — 1 (8)* 

HES +9 (9)* +2 (8) +5 (9) —25 (17) —18 (11) —10 (10) 

Control —9 (12) —10 (12) —13 (11) —24 (16) —24 (13) —23 (13) 
Forearm 

HS-HES +30 (10)*F +65 (18)*} +32 (13) +18 (13) +20 (18) +35 (15)*+ 

HES +12 (10) +21 (15) +26 (16) +10 (13) +5 (12) +6 (8) 

Control +12 (9) +11 (16) +17 (12) +13 (12) +21 (13) +7 (10) 

RESETS HS-HES patients. SVR decreased after infusion 


The three groups did not differ in patient 
characteristics, anaesthesia and CPB procedure 
(table I). 

Significantly less HS-HES (3.8 (0.3) ml kg!) 
than 6% HES solution (9.7 (1.5) ml kg") was 
required to double baseline PCWP. PCWP 
remained increased in the HS-HES patients until 
the onset of CPB. Fluid balance during CPB was 
significantly different between groups: HS-HES 
patients showed a negative balance (—450 
(200) ml), while HES patients (+200 (200) ml) 
and the control group (+600 (200) ml) had a 
positive fluid balance. Moreover, control patients 
received significantly more Ringer’s solution until 
the morning of the first day after operation (table 
I). 

There was no difference in HR, MAP or PAP 
between groups throughout the study. CI (fig. 1) 


+ increased in both volume groups (HS-HES max. 


+54%; 6% HES max. +30%), but only re- 
mained increased 40 min after the infusion in the 


of HS-HES (—30%) and after HES (—19%), 
but remained almost unchanged in the control 
group (table I). 

Hb decreased in all patients in whom volume 
was infused, but there was no difference between 
the two groups (fig. 2). Plasma viscosity decreased 
significantly after infusion of HS-HES (— 16%); 
HES-patients had a less pronounced decrease 
(—6%), and viscosity in the control group 
increased slightly (+4%) (fig. 2). 

LDF increased significantly in the HS-HES 
patients when measured both at the forearm (max. 
+80%) and at the forehead (max. +28 %) (table 
II). LDF measured at the forearm was also 
increased significantly in the HES-patients 
(+42%), but remained almost unchanged in 
control patients. During CPB and thereafter, 
LDF in the HS-HES patients was always greater 
than baseline values, whereas after bypass LDF 
measured at the forehead was reduced in HES 
(—5%) and, particularly, in control patients 
(—30%). Speed measured at the forehead was 
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Tane IV. Mean (sp) changes from baseline (%) in speed measured at the forehead and forearm. CPB 


= Cardi bypass. Significant differences (P < 0.05): *compared with control group; 
+ compared with HES group 
After volume infusion After CPB 
During 
Speed 0 min 20 min 40 min CPB 5 min 45 min 
Forehead 
HS-HES +10 (9) +9 (9) +11 (9) +33 (14)* +30 (12)* +4 (5) 
HES +7 (8) +8 (6) +2 (4) +20 (15) +19 (16) +6 (4) 
Control +2 (8) —1 (6) —5 (9) +917) +11 (12) +11 (9) 
Forearm 
HS-HES +21 (16) +31(13)* +58 (16)*+ +67 (19)*F +36 (12)* +12 (10) 
HES +10(10) +28(14)* +28 (14)* +30 (14)* +28 (14) +25 (17) 
Control —1 (9) —2 (10) —11 (14) +12 (12) +10 (13) +5 (16) 


almost unchanged after volume infusion, but was 
significantly greater in the HS-HES patients at 
the end of CPB (table III). In the forearm, speed 
was most increased in the HS-HES patients, 
whereas it remained unchanged in the controls. 
Concentrations were always greatest in those 
patients who received HS-HES (table IV). 

There were no differences in temperature 
(oesophageal, rectal, forearm, forehead) among 
the groups. 

Changes in MAP, CI, SVR, Hb and viscosity 
did not correlate with LDF flow, speed or 
concentration (regression analysis and analysis of 
covariance). . 


DISCUSSION 


The microcirculation represents the common path 
of the respiratory and circulatory systems. In 
conditions such as shock, ischaemia and cardio- 
pulmonary bypass (CPB), microcirculatory flow 
is altered significantly, often becoming inadequate 
to fulfil the nutritive role of the circulation [18]. 
This insufficiency can occur with a normal 
circulation, but it is aggravated significantly when 
cellular dysfunction increases the hydraulic re- 
sistance of the capillaries [18]. 

During CPB, red and white blood cells are 
damaged, so that their ability to flow through the 
capillaries is reduced because of impaired deform- 
ability [19-21]. Al-Khaja and colleagues [20] 
found that CPB was associated with significant 
disturbances of blood cell rheology and reduced 
microcirculatory flow. The combination of blood 
trauma, alterations in plasma factors and impaired 
blood cell rheology are thought to be associated 
with postoperative complications or mortality 
after cardiac surgery [20, 22]. Mazzoni and co- 


workers [23] demonstrated that, during reduced 
perfusion induced by haemorrhagic hypotension, 
the endothelium of the capillaries was swollen and 
lost its capacity for regulating its volume, thus 
affecting their hydraulic conductivity. 

During CPB, microcirculatory dysfunction is 
caused by both reduced arteriolar pressure and 
endothelial swelling, induced by the perfusion 
process. Blood contact with foreign surfaces of the 
extracorporeal oxygenation equipment and dam- 
age to the cells by the roller pumps induce 
activation of several mediator cascades, the end 
products of which may affect the microcirculation 
by vasoconstriction [24]. Swelling of the capillary 
endothelium may be caused by increased per- 
meability (capillary leakage) also induced by the 
activated mediators. Moreover, poorly perfused 
capillaries themselves may release and activate 
mediators promoting cellular adhesion and vaso- 
constriction, instituting a cycle of progressive 
tissue damage by deterioration in the micro- 
circulation [18]. 

Hypertonic volume replacement may correct 
this dysfunction by increasing perfusion pressure, 
improving capillary flow distribution, reducing 
endothelial swelling and haemodilution [18, 23]. 
This supposition has been confirmed in animals, 
where 7.5% saline solution improved organ 
function in experimental shock [3]. The results of 
the present study showed improved micro- 
circulatory function in patients given the hy- 
pertonic solution in comparison with those given 
isotonic solutions. 

The beneficial effects of crystalloid hypertonic 
solutions are reported to be transient [25]. The 
addition of a synthetic colloid (dextran) signifi- 
cantly prolonged the effect [9, 26]. The mixture of 
hypertonic saline solution and HES used in the 
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present study may have less effect on coagulation 
and less risk of inducing anaphylactic reactions 
[27] than mixtures with dextran and ithas been used 
safely in other studies [28]. 

CPB periods in our study were moderate (less 
than 90 min) and changes in microcirculation 
were not expected to be severe. However, as 
demonstrated by Mazzoni and colleagues [23], the 
more swollen the endothelium the greater the 
effect of hypertonic solution in improving ca- 
pillary flow. Thus the beneficial effects of pre- 
operative infusion of HS-HES might be more 
evident in longer procedures, which are associated 
with an increasing risk of deteriorating capillary 
integrity and microcirculatory perfusion [29]. 

It has been suggested that changes in cutaneous 
blood flux might be a sensitive indicator of 
alterations in MAP and cardiac output [30], but 
this was not confirmed by our studies. There was 
no correlation in this study between cardiovascu- 
lar and laboratory variables and those measured 
by LDF. 


It was concluded that infusion of hypertonic 
HS-HES solution resulted in a significant increase 
in microcirculatory skin blood flow. The 
improved blood flux during and after CPB might 
be beneficial, particularly in prolonged pro- 
cedures. 
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RELATIONSHIP BETWEEN ANALGESIA AND 
RESPIRATORY DEPRESSION FOR MU OPIOID RECEPTOR 


AGONISTS IN MICE 


D. G. STOTT AND B. J. PLEUVRY 


SUMMARY 


The relationship between analgesic activity, 
measured as the hot plate reaction time, and 
respiratory depression, measured as ventilatory 
frequency, was investigated in mice for a variety 
of mu opioid receptor agonists with differing 
selectivities for mu receptors compared with 
delta receptors. There was a weak correlation 
between analgesia and respiratory depression for 
opioids with the greatest selectivity for mu opioid 
receptors compared with delta receptors, such as 
alfentanil. The strength of the correlation in- 
creased for opioids which had greater delta 
receptor activity, such as morphine and fentanyl. 
Etorphine, which has almost equal affinity for 
mu, delta and, incidentally, kappa receptors, 
showed a strong correlation between analgesia 
and respiratory depression. We conclude that the 
predictability of the degree of respiratory de- 
pression produced by a given analgesic dose of 
an opioid appears to decrease with its selectivity 
for mu opioid receptors, at least in the mouse. 


KEY WORDS 


Analgesics: opioid, mu agonists. Complications: respiratory 
depression. 


For many years, standard textbooks have reiter- 
ated the observation that, for a given analgesic 
effect, most opioids produced the same degree of 
respiratory depression as seen with morphine [1]. 
The possibility that this need not always be the 
case emerged from the work of McGilliard and 
Takemori, who suggested that opioid analgesia 
and respiratory depression might be mediated by 
different opioid receptors [2]. Although their 
evidence, using naloxone antagonism, aroused 


~+ considerable discussion as to the relevance of pA, 


values in vivo (pA, being a measure of antagonism 
normally applied to the 1 vitro situation), it 


prompted others to continue this line of investi- 
gation. Using selective irreversible mu receptor 
antagonists, two groups of workers [3, 4] were 
able to demonstrate that respiratory depression 
was not antagonized by mu receptor block in the 
unstressed rodent. One of the compounds used 
was naloxonazine, which Pasternak’s group had 
reported was selective for a high affinity subgroup 
of mu receptors designated mu 1. Thus Ling and 
colleagues [3] concluded that mu 1 receptors were 
not involved with respiratory depression. Other 
workers have been unable to demonstrate mu 
isoreceptors with selectivity for analgesia [5]. The 
situation is complicated further by the fact that 
Ward and Takemori [4] noted that an irreversible 
mu antagonist could antagonize opioid respiratory 
depression if more stressful methods of assessing 
ventilation were used. The possibility that delta 
receptors are involved in opioid-induced res- 
piratory depression has arisen from the obser- 
vation that delta receptor antagonists may antago- 
nize fentanyl-induced respiratory depression, but 
not analgesia, in the dog [6]. 

In the present study, the relationship between 
analgesia and respiratory depression has been 
investigated in a series of opioids with significant 
affinity for mu opioid receptors, but with differing 
selectivities for mu compared with delta receptors, 
ranging from alfentanil (602 (SEM 52)) and sufen- 
tanil (24.9 (1.9)) [7] to etorphine which has similar 
affinity for mu, delta and kappa receptors [8]. 
Relatively stress free measures of analgesia (or 
antinociceptive activity) and respiratory depres- 
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TABLE I. Time intervals between consecutive readings of ventilatory frequency and hot plate reaction 
times, and drug doses used 

Fentanyl Sufentanil Alfentanil Morphine Etorphine 

Interval 4 15 2 15 10 

(min) 

Doses (mgkg") (ugkg') (mgkg) (mgkg") (ug kg") 

0.025 10.0 0.125 2.5 2.0 

0.05 20.0 0.25 5.0 4.0 

0.1 40.0 0.5 10.0 5.0 

0.2 0.6 8.0 

0.4 0.8 10.0 

15.0 


sion have been used in mice to reduce the influence 
of stress on the results obtained. 


MATERIALS AND METHODS 


MF1 mice weighing 25-30 g were used in the 
study, which was approved by the Home Office 
under the Animals (Scientific Procedures) Act 
1986 (licence number 50/00499). Each group 
consisted of 12 MF1 male mice, which received an 
i.p. injection of an opioid (fentanyl, alfentanil, 
sufentanil, morphine or etorphine) on an mg kg 
basis in a dose volume of not more than 0.1 ml per 
10 g body weight. Control values of ventilatory 
frequency and hot plate reaction times were 
recorded before any injections were given. The 
subsequent time intervals between the recordings, 
and the doses of each drug are given in table I. 
Each group of 12, concurrently tested, mice were 
allocated randomly to saline controls or one of the 
several doses of an individual opioid. Thus only 
one or two mice in the group might receive a 
particular dose of drug. Experiments were re- 
peated until group sizes.of 12 were obtained for 
each dose of drug. A saline time-matched control 
was available, therefore, for each opioid. Different 
opioids were not randomized between the groups 
because of the differing time courses of the 
experiments. 

Respiratory depression was measured in terms 
of ventilatory frequency by recording respiratory 
pressure waveforms for each ventilatory cycle on 
a Grass 79C polygraph recorder. This was done 
by gently hand-holding the mouse and placing its 
snout in the barrel of a 2-ml syringe, connected to 
a pressure transducer and recorder. Recordings 
were taken for not more than 10 s, to reduce the 
possibility of rebreathing carbon dioxide. The 
volumes of gas involved precluded the measure- 


ment of carbon dioxide, but if rebreathing had 
occurred it would have been seen as an increase in 
ventilatory frequency and effort. 

Analgesia was measured after ventilatory fre- 
quency by placing the mouse on a hot plate 
maintained at 55°C and recording the time 
interval until the mouse showed a response— 
either jumping or lifting a hind leg off the plate. 
This was taken as an indication of analgesia. In 
order to prevent any tissue damage, mice were 
removed from the hot plate after 45s without 
response. Readings for analgesia and respiratory 
depression were taken at suitable intervals, which 
varied according to the time course of action of 
the drugs, which had been determined by prior 
experimentation. With the exception of control 
Mice, readings were continued until the hot plate 
reaction times had returned to pre-drug values. In 
time—effect relationships, the results from all drug 
treated mice were compared with concurrently 
tested vehicle control mice. 

Significance (P < 0.05) was assessed using the 
Mann-Whitney U test although, for clarity, mean 
values (SE) are shown in the figures. Correlations 
were sought only on paired values of hot plate 
reaction times and ventilatory frequency changes 
that demonstrated significant increases in reaction 
time over concurrently tested saline control mice. 
In addition, all pairs of values containing hot plate 
reaction times which were greater than 45 s were 
excluded from calculations of the correlation 
coefficients. 

Fentanyl, sufentanil and alfentanil were diluted 
in saline from prepared ampoules (donated by 
Janssen Pharmaceuticals Ltd). Morphine hydro- 
chloride (Macfarlane Smith Ltd) and etorphine 


hydrochloride (a gift from Reckitt and Colman + 


Ltd) were prepared by dissolving the dry powder 
in saline. 
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Mean change HPRT (s) 





Time (min) 


Change In f(b.p.m.) 





0 10 20 
Time (min) 
Frc. 1. Time course of the effects of alfentanil on hot plate 
reaction time (HPRT) and ventilatory frequency (f) in mice 
measured as change from pre-drug control values. Mean 
values (n = 12) of mice given saline ([]) or alfentanil 
0.125 mg kg™ (@), 0.25 mgkg-? (O), 0.5 mgkg? (A), 
0.6 mg kg™ (A) and 0.8 mg kg! (W). A few representative sx 
are shown. 


RESULTS 


In the fentanyl and alfentanil groups, there was 
rapid onset of profound analgesia and respiratory 
depression which was relatively short lived and 
dose dependent. The time—response relationships 


-~ for alfentanil are shown in figure 1. Although 


alfentanil produced significant analgesia and res- 
piratory depression, there was no correlation 


605 


Change in f(b.p.m.) 





-10 0 10 20 30 40 
Change In HPRT {s} 
Fig. 2. Alfentanil treated mice. Relationship between change 
in hot plate reaction time (HPRT) and ventilatory frequency 
Q) depression showing no simple linear correlation 
(y = —36.240 —9.6699¢e — 2x; r? = 0.003). 


Change in f(b.p.m.) 





Change in HPRT (s) 


Fic. 3. Saline treated control mice. Relationship between 

change in hot plate reaction time (HPRT) and ventilatory 

frequency (f) depression, showing no simple linear correlation 
(y = — 20.933 + 1.5577x; r? = 0.073). 


between these two variables (fig. 2). A similar 
correlation was obtained in saline control animals, 
which showed no significant changes from pre- 
drug hot plate reaction times and ventilatory 
frequencies (fig. 3). At the other extreme were the 
results for etorphine, for which there was a strong 
correlation between analgesia and respiratory 
depression (fig. 4), although the shapes of the 
time-effect relationships and the maximum re- 
sponses obtained (fig. 5) were similar for those 
recorded for alfentanil (fig. 1). Intermediate 
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100 120 


Time (min) 
Fig, 4. Time course of the effects of etorphine on hot plate 
reaction time (HPRT) and ventilatory frequency (f) in mice 
measured as change from pre-drug control values. Mean 
values (n = 12) of mice given saline (CJ) or etorphine 2 ug kg™! 
(A), 4 ug kg™ (A), 5 pg ke? (O), 8 ug kgm? (@), 10 pg kgm? 
(W) and 15 pg kg! (C). A few representative SE are shown. 


TABLE II. Correlation coefficients between ventilatory 
frequency and hot plate reaction time, and mu over delta selec- 
y © tivity for some opioid drugs 


Correlation 
Drug coefficient (%) Mu selectivity 
Etorphine 76.9 0.5 [9] 
Sufentanil 54.2 24.9 [7] 
Fentanyl 52.4 82.5 [7] 
Morphine 38.9 122.0 [7] 
Alfentanil 0.3 602.0 [7] 
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Change in f(b.p.m.) 





-10 0 10 20 30 
Change in HPRT (s) 
Fıc. 5. Etorphine treated mice. Relationship between change 
in hot plate reaction time (HPRT) and ventilatory frequency 
(f) depression, showing a strong simple linear correlation 
(y = —20.018— 1.8735x; r? = 0.769). 


correlations were obtained for sufentanil, fentanyl 
and morphine. The correlation coefficients for 
these and other opioids, together with their 
mu-delta selectivity are shown in table IT. 


DISCUSSION 


Etorphine, which showed the strongest corre- 
lation between analgesia and respiratory depres- 
sion, demonstrates a relative affinity for mu, delta 
and kappa receptors of 0.2, 0.4 and 1.0, re- 
spectively [9]. This implies that etorphine has 
little selectivity for any one of the opioid recep- 
tors; indeed, it has been termed the universal 
ligand for opioid receptors [8]. 

Alfentanil, however, which is highly selective 
for the mu receptor, showed a weak correlation 
between analgesia and respiratory depression 
(0.3 %). In the opioids tested in this study, weaker 
correlations appeared to be associated with higher 
mu receptor selectivity. 

Most of the values for selectivity for the mu site 
(table II) came from a study in which only mu and 
delta receptor binding were considered. Thus it 
may be that kappa binding could influence the 
results. However, kappa receptor agonists are 
usually considered to be inactive when radiant 
heat, such as the hot plate, is used as the noxious 
stimulus [10]. Although Shaw, Rourke and Burns 
[11] have disputed the suggestion that various 
receptor-selective agonists have specificity for a 
particular modality of pain, they agree that kappa 
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agonists show little activity when the hot plate 
temperature is as great as 55 °C. In addition, of 
the three main opioid receptor types, there is least 
evidence that kappa receptors are involved in 
respiratory depression, although a modulatory 
role can not be excluded [12]. This evidence gives 
some support for concentrating on mu and delta 
receptor activity to explain the results obtained in 
the present study. 

It has been suggested that mu and delta 
receptors may exist in two forms, either com- 
plexed together or separate [13, 14]. Both mu and 
delta receptor activation appear to produce an- 
algesia at the supraspinal [15] and spinal levels 
[16] and activation of delta receptors enhances the 
response of activation of mu receptors in the 
complexed receptor [17]. Involvement of the 
mu-delta receptor complex may be important also 
in the control of ventilation, as there is evidence 
that mu receptor activation is necessary before 
delta receptor activation leads to respiratory 
depression [6]. Thus it may be that drugs with 
significant mu ‘and delta activity act preferentially 
at the mu—delta receptor complex where the two 
activities cause enhanced analgesia and respiratory 
depression. More selective mu agonists may act 
either at the complexed or non-complexed mu 
receptor. The latter may be identical to the mu 1 
receptor [13] which has been associated by some 
with analgesia, but not respiratory depression [3]. 
If this is the case, the relationship between 
analgesia and respiratory depression for these 
agents may be less predictable. 

It is possible, however, that other factors 
contribute to the correlations obtained. Opioid 
drugs differ in their lipid solubility, degree of 
` ionization at physiological pH and protein bind- 

ing, all of which contribute to pharmacokinetic 
differences which influence their potency and 
duration of action [18]. Morphine, alfentanil and 
fentanyl have been compared with respect to these 
characteristics [18] and, although the rank order 
of individual measures differs from those of the 
correlation coefficients described in the present 
study, combinations of these properties could 
influence the results obtained. 
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MODIFICATION BY DRUGS USED IN ANAESTHESIA OF 
CNS STIMULATION INDUCED IN MICE BY LAUDANOSINE 


AND STRYCHNINET 


W. M. AL-MUHANDIS, G. R. LAURETTI AND B. J. PLEUVRY 


SUMMARY 


We have investigated in mice the effects of 
several drugs which may be administered as part 
of an anaesthetic technique on the convulsive 
threshold to laudanosine and to strychnine, 
which is reported to have a similar mechanism of 
action. l.v. administered propofol, thiopentone 
and midazolam increased the dose of convulsant 
necessary to produce seizure when administered 
2 min before the convulsive stimulus. In contrast, 
methohexitone and etomidate exhibited a pro- 
convulsant effect, although with the latter this 
was significant only in laudanosine- treated mice. 
Pethidine was proconvulsant in both laud- 
anosine- and strychnine-treated mice, but mor- 
phine was proconvulsant only in strychnine- 
treated mice. The effects of morphine, but not 


pethidine, were antagonized by naloxone 1 mg . 


kg. Laudanosine, but not strychnine caused 
arousal from anaesthesia in subconvulsive doses. 
This and other evidence suggests that the 
mechanism of the CNS excitation produced by 
strychnine and laudanosine are not the same. 


KEY WORDS 


Anaesthetics, intravenous: methohexitone, etomidate, pro- 
pofoi, thiopentone. Analgesics: morphine, pethidine. Com- 
plications: convulsions, laudanosine, strychnine. 


Laudanosine is one of the major breakdown 
products of the neuromuscular blocking agent 
atracurium [1] and has been shown to have potent 
convulsive action in dogs [2] and rats [3]. Many 
agents used during anaesthesia have both pro- and 
anticonvulsant activity. For example, barbiturates 
such as phenobarbitone may be anticonvulsant at 
doses causing little sedation, and others such as 
methyl-thiobutobarbitone have so many excit- 


atory effects such as gross limb movement that 
their use as anaesthetic agents is not feasible [4]. 
The clinically useful i.v. anaesthetics have activity 
profiles between these two extremes. The isomer 
of methohexitone marketed as an i.v. anaesthetic 
is the alpha-pL isomer, as the beta isomer had 
too much intrinsic excitatory activity to be 
clinically useful. Even so, methohexitone as 
marketed has been reported to have more procon- 
vulsant activity than thiopentone. Indeed, metho- 
hexitone has been used to provoke epileptiform 
activity in patients with seizure patterns that were 
not revealed by awake records [5]. In contrast, 
thiopentone is reported not to provoke an epileptic 
response in such patients [6]. Nevertheless, many 
authors do not feel that methohexitone is contrain- 
dicated in patients with epilepsy [7—9] and its use 
to control seizures has been advocated by some 
[4]. Similar controversy exists concerning the 
pro- and anticonvulsant profile of other drugs 
used in anaesthesia. Midazolam, with pronounced 
anticonvulsant properties [10], has been reported 
to produce seizures in several instances [11]. 
Propofol has been reported to reduce the duration 
of ECT-induced seizures [12-14] and to be a 
useful agent in status epilepticus [15]. Despite 
these reports, several case reports have appeared 
in the literature reporting convulsions, opisthoto- 
nus or epileptiform EEG activity in patients given 
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propofol [16, 17]. In addition, opioid drugs and 
endogenous peptides have been implicated in pro- 
and anticonvulsant activity [18]. 

Avramov and Mori [19] have demonstrated that 
nitrous oxide antagonizes the CNS stimulating 
action of laudanosine and this raises the question 
as to how other drugs used in anaesthesia might 
modify the excitatory action of laudanosine. The 
present study was designed to investigate this 
question in the experimental animal. A range of 
i.v. induction agents have been used, together 
with midazolam and the opioid drugs morphine 
and pethidine. Morphine was selected as the 
standard opioid drug with which others are 
compared and pethidine was chosen as it is 
particularly prone to excitatory side effects [20]. 

The mechanism of the excitatory action of 
Jaudanosine is uncertain, but is thought to be 
related to antagonism of glycine receptors in a 
manner similar to that for strychnine [21]. This 
was supported by the later work of Pong and 
Graham [22] using rat electroretinography as a 
screen for glycine antagonists. Since Soar and 
colleagues [23] have implicated glycine antag- 
onism in the excitatory actions of some i.v. 
anaesthetic agents, it was decided to compare the 
interactions of laudanosine and drugs used in 
anaesthesia with those of the standard glycine 
antagonist, strychnine. 


MATERIALS AND METHODS 


Female MF1 mice weighing 25-35 g were used in 
the study, which was approved by the Home 
Office under the Animals (Scientific Procedures) 
Act 1986 (licence number 50/00609). All experi- 
ments were carried out between 10:00 and 14:00. 
Each mouse was weighed and injected with opioid 
drug, i.v. anaesthetic agent or vehicle. The opioids 
were injected i.p. (0.1 ml per 10 g body weight) 
15 min before testing and the i.v. drugs were 
injected (0.1 ml per 10 g body weight) into the 
lateral tail vein over a 10-s period 2 min before 
testing. I.v. injections were carried out using a 
winged-needle infusion set (Butterfly-27, Abbott 
Laboratories Ltd) with an outside diameter of 
0.4 mm and length of 9.5 mm attached to a 1-ml 
syringe. All i.v. injections took place in a specially 
designed box which allowed movement of the 
mouse with the exception of the tail, which was 


-~ gently held. The minimum convulsant dose for 


laudanosine and strychnine was obtained by 
infusing the convulsant agent at a rate of 
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0.12 ml min™ into a second tail vein until a full 
seizure occurred, at which point the animal was 
killed immediately by an overdose of anaesthetic 
before consciousness returned. The dose was 
calculated as the total dose of convulsant infused 
divided by body weight. The dose that induced 
arousal from anaesthesia was noted also in the 
relevant experiments. In all experiments, the 
results from drug-treated mice were compared 
with those for vehicle-treated mice which were 
tested concurrently using randomly selected cage 
mates. A single observer was responsible for all 
animals tested in a given drug group—for example 
ali morphine experiments or all thiopentone 
experiments. Doses of drugs were selected which 
had significant pharmacological activity in the 
mouse. Usually, these data were obtained from 
previous studies by this anaesthetic research 
group and are compatible with the literature. In 
preliminary experiments at least two doses of each 
i.v. anaesthetic were selected: a small dose which 
anaesthetized all mice within 10s and induced 
sleeping times of 3-5 min, and a larger dose which 
induced 7—10 min sleep with no fatalities. Insuf- 
ficient data were produced in these dose finding 
studies to analyse statistically the sleeping time 
results. 

Laudanosine (Sigma Chemical Co.) and strych- 
nine (BDH) were dissolved in 0.9% saline using 
an ultrasonic shaker and a few drops of hy- 
drochloric acid 1 mol litre"! and adjusted to 
pH 6.8 with sodium bicarbonate. The final concen- 
trations for infusion were 2mgmil! for 
laudanosine and 100 pg ml“ for strychnine. 

Thiopentone (Intraval Sodium, May & Baker 
Pharmaceuticals) and methohexitone (Brietal, Eli 
Lilly & Co., Ltd) were prepared freshly every day 
from the commercially available ampoules by 
dissolving the dry powder in saline. Propofol 
(Diprivan, ICI Pharmaceuticals) and etomidate 
(Hypnomidate, Janssen Pharmaceuticals Ltd) 
were diluted with normal saline immediately 
before injection, dilutions of Intralipid (Kabi 
Vitrum) or propylene glycol (BDH) being used as 
the vehicle control. Morphine hydrochloride 
(Macfarlane Smith Ltd) and midazolam (Roche 
Products Ltd) were prepared by dissolving the 
dry powder in saline, whilst pethidine was diluted 
with normal saline from pethidine injection 
50 mg mi! (MacCarthys Ltd). Although results 
are described as mean values (SEM) (unless 
otherwise stated, n = 10) for ease of presentation, 
statistical comparisons were performed using the 
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Mann-Whitney U test to avoid assumptions on 
the distribution of data. 


RESULTS 


In saline-treated control animals, laudanosine i.v. 
caused no visible behavioural changes until 
seizures occurred with a dose of 16.1 (0.5) mg kg. 
The seizure consisted of an asymmetrical clonic 
convulsion which proceeded into a tonic phase if 
the animal was not killed immediately after the 
appearance of the convulsion. In contrast, 
strychnine induced a seizure characterized by 
symmetrical tonic extension of the body and limbs 
with no evidence of a clonic phase; the dose 
necessary was 0.61 (0.02) mg kg“. In the presence 
of the anaesthetic agents, laudanosine, but not 
strychnine, caused arousal before the onset of the 
convulsion. Arousal in the mice given the larger 
doses of anaesthetic agent occurred when about 
50% of the convulsant dose had been injected 
(table I). (In the lower dose experiments arousal 
and natural waking could be confused.) 
Thiopentone induced anaesthesia in mice with 
no abnormal movements of the limbs. Two 
minutes after the administration of thiopentone, 
the dose of laudanosine necessary to induce 
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Fic. 1. Effect of ip. morphine on the convulsant dose of 
strychnine alone ($) and in the presence of naloxone 1 mg kg7! 
(E2) in mice. Mean (s8) of groups of 10 mice. The saline control 
(S) corresponding to the largest dose of morphine is shown. 
*Significantly different from concurrently tested control group 
(P < 0.05). 
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Taste I. Dose of i.v. laudanosine necessary to produce 
arousal in mice anaesthetized with thiopentone, methohexitone, 
propofol or etomidate. Mean values (SB) of groups of 10 mica 


Arousal dose 

Dose of laudanosine 
Drug (mg kg~") (mg kg’) 
Thiopentone 40 7.8 (0.7) 
Methohexitone 20 8.7 (0.8) 
Propofol 30 8.0 (0.7) 
Etomidate 6.7 8.1 (0.9) 


TABLE II. Effect of i.v. thiopentone, methohexitone, propofol, 
etomidate and midazolam on the convulsant dose of 
laudanostne and strychnine in mice. Mean values (SE) of 
groups of 10 mice. The saline or vehicle control corresponding 
only to the largest dose of anaesthetic or midazolam ts shown 
for clarity. *Significantly different from concurrently tested 


control group (P < 0.05) 
Laudanosine Strychnine 
Drug (mg kg~') (mg kg~*) 

Thiopentone 

0 (Saline) 15.5 (0.9) 0.724 (0.029) 

30 mg kg 17.9 (0.9) 0.751 (0.028) 

40 mg kg? 19.2 (1.0)* 0.783 (0.032) 
Methohexzitone 

0 (Saline) 17.4 (0.5) 0.707 (0.021) 

10 mg kg} 22.7 (0.5) 0.699 (0.020) 

20 mg kg! 13.7 (0.3)* 0.447 (0.028)* 
Propofol 

0 (Vehicle) 18.5 (0.6) 0.630 (0.022) 

10 mg kg™ 23.4 (1.1)* 0.800 (0.018)* 

20 mg kg! 26.9 (1.5)* 0.900 (0.019)* 

30 mg kg"? 28.7 (0.6)* 1.080 (0.061)* 
Etomidate 

0 (Vehicle) 17.5 (0.6) 0.725 (0.039) 

2.5 mg kg~* 21.8 (0.5)* 0.732 (0.042) 

5 mg kg™ 18.7 (1.0) 0.719 (0.054) 

6.7 mg kg"! 14.2 (0.9)* 0.745 (0.062) 
Midazolam 

0 (Saline) 15.5 (0.9) 0.920 (0.033) 

20 mg kg“! 29.3 (1.2)* 1.160 (0.026)* 

30 mg kg! 32.0 (1.0)* 1.160 (0.039)* 


convulsions was significantly increased (table IT). 
Additional experiments showed that this pro- 
tective effect outlasted the anaesthetic action of 
the drug as, 15 min after injection of thiopentone 
40 mg kg, the convulsive dose of laudanosine 
bad increased further to 25.1 (1.3) mg kg. Thio- 
pentone in doses up to 40mgkg! had no 
protective effect against strychnine-induced 
seizures. ~~ 

In contrast, methohexitone reduced the doses — 
of both strychnine and laudanosine necessary to 
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Pethidine (mg kg`!) 
FIG. 2. Effect of i.p. pethidine on the convulsant dose of laudanosine and strychnine alone (W) and in 
the presence of naloxone 1 mg kg (Z) in mice. Mean values (sg) of groups of 10 mice. The saline 
control (S) corresponding to the largest dose of pethidine is shown. *Significantly different from 
concurrently tested control group (P < 0.05). 


induce convulsions, this being significant with the 
20 mg kg? dose (table II). However, this dose of 
methohexitone produced anaesthesia with visible 
cyanosis. Smaller doses were not proconvulsant 
and, indeed, the 10-mg kg dose significantly 
protected mice against laudanosine-induced 
seizures, even though the mice exhibited myo- 
clonic jerks and opisthotonus in response to the 
anaesthetic agent alone. A similar pattern of 
responses was seen with etomidate and laud- 
anosine (table II), in that 6.7 mgkg? had a 
proconvulsant effect, whilst the smaller dose was 
protective against laudanosine-induced con- 
vulsions but caused twitching and myoclonic jerks 
when administered alone. An intermediate dose of 
etomidate (5 mg kg~!) was tested to determine the 
dose at which the changeover from anticonvulsant 
to proconvulsant effects occurred. No opis- 
thotonus occurred with etomidate. In contrast 
with methohexitone, the proconvulsant dose of 
etomidate in laudanosine-infused mice had no 
significant effects in strychnine-infused mice. 

Propofol produced a dose-dependent anti- 
convulsant effect against both compounds (table 
ID. An additional dose of propofol, which induced 
an unsteady gait but no loss of righting reflex, still 
produced an anticonvulsant effect. The largest 
+ dose caused anaesthesia with visible cyanosis. No 
abnormal limb movements were seen when pro- 
pofol was administered i.v. 
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Midazolam also was anticonvulsant in both 
seizure models (table II), although it clearly 
provided greater protection against laudanosine 
than strychnine. 

Morphine 2.5-20 mg kg? had no effect on 
laudanosine-induced convulsions, but produced a 
dose-dependent proconvulsant effect in mice 
infused with strychnine. This effect was abolished 
by the administration of naloxone 1 mg kg” (fig. 
1). Pethidine was proconvulsant in both seizure 
models—an action which was unaffected by 
administration of naloxone (fig. 2). 


DISCUSSION 


Many anticonvulsant drugs increase gamma amino- 
butyric acid (GABA) concentrations or enhance 
inhibitory transmission through GABA, receptors 
[24] and this may explain the anticonvulsant 
actions demonstrated for many agents in this 
study. Propofol at anaesthetically relevant con- 
centrations enhances GABA-mediated trans- 
mission [25], as do other anaesthetic agents 
including the barbiturates, etomidate and the 
benzodiazepines [26]. 

The two i.v. anaesthetic agents associated most 
often with excitatory phenomena, etomidate and 
methohexitone, have been shown to possess 
significant proconvulsant activity. However, this 
proconvulsant activity was not seen with small 
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doses of these agents which produce the most 
obvious excitatory effects. 

Soar and colleagues [23] proposed that metho- 
hexitone and propofol might exert excitatory 
effects by virtue of glycine antagonism, as their 
excitatory effects were potentiated by low doses of 
the glycine antagonist, strychnine, but not by low 
doses of bicuculline, an antagonist at GABA, 
receptors. Whilst the present work with metho- 
hexitone is compatible with this conclusion, no 
proconvulsant effects were detected for propofol, 
even when strychnine was the convulsive stimu- 
lus. Indeed, propofol was convincingly anti- 
convulsant in this seizure model. However, there 
are many methodological differences between the 
two series. of experiments, the most important 
probably being the route of injection. The present 
study used exclusively the i.v. route, whilst Soar 
and colleagues’ [23] experiments used the i.p. 
route. With the latter, much greater whole body 
doses are required to produce anaesthesia, the 
concentrations in the biophase remain increased 
for longer and a greater degree of metabolism will 
have occurred. In addition, when a drug is given 
i.p., the progression towards anaesthesia is slower 
and an excitatory action may be revealed which 
would have been swamped by an anticonvulsant 
action if the drug was given i.v. An anticonvulsant 
action of i.v. propofol against strychnine-induced 
convulsions has been demonstrated by Hogskilde 
[unpublished data on file, ICI Pharmaceuticals]. 
In patients with epilepsy, etomidate has been 
reported to have proconvulsive activity [27-29], 
whilst in other circumstances it is anticonvulsant 
[30]. In the present study, it was possible to 
demonstrate a proconvulsant action for etomidate 
only when laudanosine was the convulsive stimu- 
lus; even then, the effect obtained was dependent 
upon the dose used. Etomidate had no effect on 
strychnine-induced seizures and was anti- 
convulsant in pentylenetetrazole-induced seizures 
[31]. 

It is clear that laudanosine- and strychnine- 
induced convulsions differ both in their gross 
characteristics and in the way they are modified 
by drugs used in anaesthesia. This indicates that 
there is not a common mechanism for the seizures 
produced by the two convulsant agents. Neither 
opioid tested exhibited any anticonvulsant ac- 
tivity: pethidine was proconvulsant in both seiz- 
ure models, whilst morphine was proconvulsant 
only in the strychnine model. The proconvulsant 
action of morphine in strychnine-treated animals 


BRITISH JOURNAL OF ANAESTHESIA 


was naloxone sensitive and probably involves 
classical opioid receptors, A similar interaction 
between morphine and strychnine has been 
reported in other species [18]. 

Pethidine and morphine have a similar selec- 
tivity for the subtypes of opioid receptors [32]. 
However, pethidine or, more likely, its metabolite 
norpethidine has been shown to be a convulsant in 
man and animals and this effect is potentiated by 
naloxone [20]. Thus it is not surprising that the 
proconvulsant activity of pethidine described in 
the present work was not naloxone sensitive. It is 
probable also that pethidine is not exerting its 
effects through opioid receptors. Pethidine-in- 
duced hypothermia in the mouse is also insensitive 
to naloxone and an involvement of tryptaminergic 
mechanisms has been proposed [33]. The involve- 
ment of tryptaminergic mechanisms in the pro- 
convulsant action of pethidine has yet to be 
investigated. 
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DETERMINATION OF CONTAMINATION OF A CHEMICAL 
WARFARE-PROOF OPERATING THEATRE WITH VOLATILE 
ANAESTHETIC AGENTS AND ASSESSMENT OF 
ANAESTHETIC GAS SCAVENGING SYSTEMS 


S. YOGANATHAN, I. G. JOHNSTON, C. J. PARNELL, I. T. HOUGHTON 


AND J. RESTALL 


SUMMARY 


Three types of anaesthetic waste scavenging 
systems (active antipollution system, Papworth 
Block passive system and activated charcoal 
absorber system) were compared with a non- 
scavenging control to assess their effectiveness 
in reducing waste halothane concentrations ina 
chemical warfare-proof operating theatre. All 
three systems were found to reduce the level of 
pollution significantly. 
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Anaesthetics, volatile: trace concentrations. Equipment: 
exhaust systems. 


The Association of Anaesthetists of Great Britain 
and Ireland has recommended [1] that scavenging 
systems should be installed in order to decrease 
the concentration of anaesthetic gases in the 
operating department environment and this rec- 
ommendation has been endorsed by the De- 
partment of Health and Social Security [2]. A 
survey carried out by the Royal Air Force 
Institute of Community Medicine [3] revealed 
high concentrations of volatile agents (halothane 
and trichloroethylene) contaminating the atmos- 
phere inside a chemical warfare-proof theatre and 
the adjoining collective protection area. The aim 
of our study was first to determine the con- 
tamination of the chemical warfare-proof oper- 
ating theatre under simulated conditions and 
second to assess the efficiency of a variety of 
available anaesthetic gas scavenging systems. 


METHODS 


The tented operating theatre (closed down for 
protection against chemical agents) was used for 
the study during a field exercise. The approximate 
volume of the operating theatre was 98 m?. The 
floor plan of the theatre with operating tables is 
shown in figure 1. The air filtration units at the 
corner of the operating room provided a ven- 
tilation of 3.5 air changes per hour. Measurement 
of volatile agent pollution and evaluation of the 
scavenging devices were carried out under simu- 
lated anaesthetic conditions using mechanical 
ventilation. The Triservice Anaesthetic Appar- 
atus [4] was used with a ventilator (Cape TC 50, 
Penlon) set at a tidal volume of 800 ml and a 
frequency of 12b.p.m. On three occasions we 
studied 3-h sessions consisting of four simulated 
general anaesthetics of 45 min each. The halo- 
thane concentration was set at 1% for the first 
30 min then 0.5% for the next 10 min, with 
halothane discontinued for the last 5 min of each 
anaesthetic. At the beginning of each anaesthetic, 
induction of anaesthesia and tracheal intubation 
were simulated by manually ventilating a 
“Resusci Ann” (Laerdal) with a face mask for 
2 min. The Triservice anaesthetic apparatus was 
then connected to a lung simulator (BOC 314012). 
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Fic. 1. Floor plan of operating theatre and sampling sites (not 
to scale). 1 = Patients’s head; 2 = anaesthetist’s nose level— 
standing; 3 = surgeon’s nose level—standing; 4-7 = (nose 
levels standing) 91.5cm diagonally from each corner of 
operating table; 8, 9 = doors; 10 = floor level—15 cm from 
ground; OT = operating tables; FU = air filtration unit; J = 
tables with drugs and equipment; @ = simulated anaesthetic 
site. 


The active antipollution system (Medishield No. 
1355581), the Papworth Block passive system 
(Penlon Mk 2) and an activated charcoal absorber 
(Cardiff Aldasorber, Shirley Aldred) were tested 
for their efficiency in decreasing the trace con- 
‘centration of anaesthetic vapour in the operating 
theatre. Only one operating table was used for the 
purpose of this study. 

An infra-red analyser (Miran 1B) was calibrated 
using a closed loop system and with known 
volumes of halothane. The absorbance over a 
range of concentrations was used [5]. Measure- 
ments were taken at 10 predetermined sites (fig. 1) 
every 5 min throughout each session. Three 
sessions, one with no scavenging, and the re- 
maining two with the active and passive scaveng- 

. ing systems, were studied. Sampling at site 10 was 
commenced only with the second 3-h simulated 
anaesthetic session. 
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In a further set of experiments, we studied 
another five sessions of 30 min. These sessions 
consisted of the administration of 1% halothane 
without scavenging (this being a shortened repeat 
of the earlier test as the theatre airflow had, by 
then, been changed: the airflow now was directed 
from door 8 to door 9 with similar air changes per 
hour), 3% halothane without scavenging, acti- 
vated charcoal adsorption (Aldasorber) and pass- 
ive and active scavenging systems. The sessions 
with the larger concentration of halothane were 
performed to simulate the volatile agent con- 
tamination that may occur with patients breathing 
spontaneously. In British military anaesthetic 
practice, nitrous oxide is not used in the field. 

Ambient temperature, wind velocity and hu- 
midity remained similar on all three days of the 
study. Smoke studies did not show any pockets of 
pooling inside the theatre environment. The exist- 
ing system of directional contro] of anaesthetic 
vapours via plastic drainage pipework fitted in the 
roof of the operating theatre was in operation 
during the entire study period. The vapours are 
flushed to ground level by air directed down from 
the fenestrated pipes, connected to the air filtra- 
tion unit, that lie inside the tent. 


Statistical methods 


Normality of the raw data was assessed using 
standardized coefficients of skewness and kurtosis 
[6] and multiple box and whisker plots [7] (which 
also identified extreme outlying observations). 
Homogeneity of variance between compared 
groups was examined using the Bartlett’s and 
Cochran’s C tests (or the F test where only two 
groups were concerned) [6]. Transformations of 
the data were selected to normalize the data and 
stabilize group variances for use with parametric 
tests. 

Both parametric and distribution-free summary 
statistics are reported. 

The principal analysis was by multifactor 
analysis of covariance (ANACOVA), taking the 
treatment groups and sampling sites (in the 
operating theatre) as factors and time since the 
beginning of the operating session and the number 
of people in the operating theatre as covariates. 
Multiple range analysis was performed using 
95% confidence intervals [8]. Available data 
concerning door opening and closing, times of 
vaporizer recharging, and starting and finishing 
times of consecutive operations were too limited 
to incorporate formally in the analysis. It is 
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anticipated that the results of the covariance 
analysis reflect these factors to some extent. 
P < 0.05 was considered statistically significant. 
Data analysis was performed using the Stat- 
graphics computer software package [9]. 


RESULTS 


In the first session of 3 h, a total of 279 samples 
were collected at the nine sites without scaveng- 
ing. (An additional sampling site was included for 
the rest of the study.) In a similar manner, 360 
and 330 samples were collected at 10 sites with 
passive and active scavenging systems in operation 
(table I). The initial outlying observation of 
118 p.p.m. at site 1 in the non-scavenging group 
resulted from accidental spillage of halothane and 
has been omitted from analysis. The mean and 


TABLE I. Halothane concentrations of pooled samples for the 
three sessions of 3 h duration each 


Halothane concn (p.p.m.) 


Sample 
Group size Mean (sD) Median [range] 
_ Non-scavenging 279 15.3 (8.1) 14.0 [4.9-118.0] 
Non-scavenging 278 14.9 (5.2) 14.0 [4.9-34.0] 
(excluding one 
value 118 p.p.m.) 
Passive 
Excluding 324 2.2 (1.9) 1.7 [0.5-14.0} 
site 10 
10 sites 360 2.2 (1.8) 1.7 [0.5-14.0] 
Active 
Excluding 297 1.7 (1.1) 1.4 [0.8-9.7] 
site 10 
10 sites 330 1.7 (1.1) 1.4 [0.8-9.7] 


TABLE II. Cumulative distribution of observations (obs.) in 
each of the three groups 


Percent of observations 








Non- Passive Active 

scavenging scavenging scavenging 

(278 obs.) (360 obs.) (330 obs.) 

Concentration (p.p.m.) 

> 05 100.0 99.4 100.0 
>15 100.0 54.4 32.1 
> 2.0 100.0 33.6 15.2 
> 5.0 99.3 4.7 2.4 


BRITISH JOURNAL OF ANAESTHESIA 


median concentrations of halothane in the operat- 
ing theatre without scavenging were 7-10 times 
greater than those with active or passive scaveng- 
ing systems. The percentages of observations 
above arbitarily chosen concentrations of halo- 
thane are shown in table II, in which it may be 
seen that the halothane concentrations of all but 
two of the samples were greater than 5 p.p.m. and 
all were greater than 2 p.p.m. without scavenging. 
The percentages of samples less than or equal to 
the safety level recommended by the National 
Institute of Occupational Safety and Health [10] 
(2 p.p.m.) were 66.4% and 84.8% for passive and 
active scavenging systems, respectively. The 
corresponding figures for the Scandinavian statu- 
tory limit [11] of 5p.p.m. were 95.3% and 
97.6%. 

Analysis was by multifactor ANACOVA of the 
reciprocal of the halothane concentrations (this 
transformation was selected as it improved the 
normality and stability of variance of the sig- 
nificantly non-normal raw data). Comparing the 
three individual groups (and omitting the site 10 
readings), the time from start of each study 
session and the number of people in theatre, are 
significant covariates (P < 0.001). Taking these 
into account, the differences between the groups 
are significant (P < 0.0001). The halothane con- 
centration in the non-scavenging group was 
significantly greater than in the passive and active 
scavenging groups (P < 0.05). The concentrations 
of halothane in the passive and active scavenging 
groups were not significantly different (P > 0.05). 
When only the passive and active groups were 
compared over all 10 sites (table I), concentrations 
were just significantly greater in the passive 
scavenging group (0.01 < P < 0.05). 

For the 30-min study groups, both non- 
scavenging groups with 1% and 3% halothane 
showed a reduced mean concentration of halo- 
thane of 9.06 and 9.41 p.p.m., respectively and 
medians of 9.10 and 6.70 p.p.m. (compared with a 
mean of 14.94 p.p.m. and a median of 14.00 p.p.m. 
with the old air flow and nine sites) with the new 
air flow pattern (table III). The average concen- 
trations of halothane with the passive and active 
systems with administration of 3% halothane did 
not seem to have increased from the values with 
1% halothane. The paradoxical 26% decrease in 
the median concentration of halothane in the non- 


scavenging group which occurred when the ~~ 


administration of halothane was increased from 1 
to 3%, could not be explained. 
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TaBe III. Halothane concentrations of pooled data obtained 
from five sessions of 30 min duration 


Halothane concn (p.p.m.) 





Sample 
Group size Mean (sp) Median [range] 

Non-scavenging 

1% Halothane 60 9.1 (3.0) 9.1 [4.2-18.0] 

3% Halothane 70 9.4 (8.0) 6.7 [0.7-43.0] 
Passive 

scavenging 60 1.9(1.1) 1.5 [0.64.2] 
Active 

scavenging 60 1.6 (1.1) 1.3 [0.5-5.7] 
Aldasorber 60 0.5 (0.4) 0.4 [0.0-1.3] 

DISCUSSION 


The determination of theatre pollution depends 
on the dispersal of anaesthetics, the sampling 
techniques and the method of analysis [12]. 

Although efforts were made to keep these 
conditions comparable in all sessions, some factors 
such as the opening of doors, the number of 
people in the operating theatre and the airflow 
pattern could not be kept constant. 

Studies conducted within hospitals in the 
United Kingdom have found halothane concentra- 
tions ranging from 1.3 to 3.3 p.pm. [13-15]. In our 
study the mean and median halothane concentra- 
tions were 15.3 and 14.0 p.p.m. for the 3-h period 
of study and 9.1 and 9.1 p.p.m. for the 30-min 
period of study, with no scavenging. 

It may be argued that, in the event of a conflict 
requiring the mobilization of a field hospital, 
scavenging of waste anaesthetic gases would be 
lowest on the list of priorities. However, if a 
simple and effective system may be utilized 
without unduly affecting hospital personnel, it is 
beneficial to use it. 

In our study, we found little difference in the 
performances of the active and passive scavenging 
systems in reducing environmental anaesthetic 
vapour pollution. Although we found the ab- 
sorption system (Aldasorber) to be the most 
effective of the three in the short study period, the 
bulk of the system and the difficulty in resupply 
renders it unsuitable for field use. It is logical, 
therefore, to recommend the passive system of 
scavenging because of its simplicity, low weight, 
cost-effectiveness and satisfactory performance. 
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HAEMODYNAMIC EFFECTS OF PROPOFOL: INDUCTION 


WITH 2.5 MG KG! 


J. E. FAIRFIELD, A. DRITSAS AND R. J. BEALE 


SUMMARY 


Serial measurements of haemodynamic variables 
were performed at 1-min intervals in nine ASA l, 
unpremedicated patients before and for 5 min 
after induction of anaesthesia with propofol 
2.5 mg kg. End-tidal carbon dioxide concen- 
tration was maintained within the normal range. 
Stroke volume and left ventricular function were 
measured by Doppler and cross-sectional echo- 
cardiography at the aortic valve. Systemic 
arterial pressure was measured by automated 
oscillotonometry and heart rate by electro- 
cardiograph. Stroke volume, cardiac output, 
systemic vascular resistance, left ventricular 
stroke work and rate-pressure product were 
calculated. There was a decrease at all time 
points in systolic, mean and diastolic arterial 
pressure, There was an initial increase in heart 
rate and cardiac output, with a subsequent 
decrease to less than baseline. There was an 
initial decrease in systemic vascular resistance 
followed by partial recovery, and a delayed 
decrease in left ventricular function as measured 
by peak aortic blood flow velocity and ac- 
celeration. 


KEY WORDS 


Measurement techniques: Doppler ultrasound, echocardio- 
graphy. Anaesthetics, intravenous: propofol. 


Propofol has been shown consistently to cause a 
decrease in arterial pressure; decreases in both 
systemic vascular resistance and cardiac output 
have been reported. However, interpretation of 
some studies is complicated by the use of other 
drugs which affect the cardiovascular system, or 
the inclusion of patients with cardiovascular 
disease, We have used the technique of Doppler 
echocardiography, combined with automated non- 
invasive recording of arterial pressure to in- 


vestigate the effects of an induction dose of 
propofol on the cardiovascular system of young, 
ASA I unpremedicated adults. 


METHODS AND RESULTS 


With Ethics Committee approval, we studied 15 
unpremedicated ASA I patients undergoing ex- 
traction of wisdom teeth under general anaes- 
thesia. Under local anaesthesia, a 16-gauge can- 
nula was inserted into a large forearm vein. 
Baseline measurements of arterial pressure, heart 
rate and ascending aortic flow were made using a 
Datex Cardiocap non-invasive arterial pressure 
monitor, and a Vingmed Sonotron CFM 750 
continuous wave Doppler echocardiograph. As- 
cending aortic blood flow was studied using a 1.9- 
MHz M-mode transducer positioned in the supra- 
sternal notch. 

Anaesthesia was induced with propofol 2.5 mg 
kg! (mixed with lignocaine 0.125 mg kg“) given 
over 20s. When consciousness was lost, 100% 
oxygen was administered via a Bain type coaxial 
breathing system. End-tidal carbon dioxide con- 
centration was measured at the face mask using 
the Datex Cardiocap and ventilation was assisted 
to maintain the measured end-tidal carbon dioxide 
concentration constant. The electrocardiogram 
(with measured heart rate) was displayed con- 
tinuously and arterial pressure was measured 
before induction and at 1-min intervals thereafter. 
The aortic blood velocity profile was recorded 
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TABLE I. Mean values for all the measured and calculated haemodynamic variables (95% confidence intervals for the mean) 
before induction of anaesthesia with propofol 2.5 mg kg! and at 1-min intervals for 5 min thereafter in nine patients, together with 
the probabilities, calculated by the paired t test, that the measured changes differ from baseline by chance alone 





Time after induction (min) 











Baseline 1 2 3 4 5 
Mean arterial pressure 88 78 74 70 68 67 
(mm Hg) (83—92) (68-88) (68-79) (62-78) (62-74) (63-71) 
P 0.017 < 0.001 0.003 < 0,001 < 0.001 
Heart rate 71 81 72 71 65 65 
(beat min) (64-79) (73-89) (64-81) (64-77) (60-71) (58-71) 
P 0.037 0.70 0.83 0.053 0.012 
Peak aortic blood 1.18 1.26 1.13 1.10 1.05 1.10 
velocity (1.01-1.34) (1.11-1.40) (1.04-1.23) (1.01-1.19) (0.95-1.15) (1.00-1.20) 
(m87) 
P 0.13 0.48 0.14 0.031 0.14 
Peak aortic blood 19.5 20.4 19.3 18.9 18.4 18.5 
acceleration (15.1-23.9) (16.6-24.1) (16.0-22.5) (15.7-22.2) (15.3~21.4) (14.8-22.3) 
(ms) 
P 0.11 0.70 0.37 0.18 0.14 
Stroke volume 68.2 69.1 66.5 65.1 64.1 64.7 
(ml) 59 .9-76.5) (61.4-76.8) (59.8~-73.2) (58.4—-71,9) (57.5-70.8) (56.4~73.0) 
P 0.39 0.29 0.056 0,023 0.019 
Cardiac output 4.87 5.58 4.80 4.62 4.19 4.18 
(litre min`’) (4.15-5.59) (5.00-6.16) (4.30-5.31) (4.02-5.21) (3.78-4.59) (3.74-4.62) 
P 0.050 0.81 0.34 0.020 0.002 
Systemic vascular 1505 1145 1260 1261 1322 1323 
resistance (1224-1786) (947-1344) (1107-1413) (1043-1479) (1157-1486) (1128-1518) 
(dyn s cm) 
P 0.005 0.029 0.042 0.079 0.023 
Left ventricular stroke 74.5 66.4 60.6 56.1 53.2 53.1 
work (67.9-81.2) (57.3~-75.4) (55.4-65.7) (50.1-62.1) (47.5-58.8) (46.9-59.3) 
(8 m) 
P 0.069 < 0.001 < 0.001 < 0.001 < 0.001 
Rate-pressure product 6324 6443 5474 5067 4524 4430 
(beat min- mm Hg) (5466-7183) (5252-7633) (4492-6456) (4157-5977) (3757-5290) (3859-5001) 
P 0.80 0.015 0.003 < 0.001 < 0,001 


onto video tape for later analysis. After 5 min the 
study was concluded, an additional dose of 
propofol was administered and anaesthesia and 
surgery then proceeded as normal. 

The video tape recordings of aortic blood flow 
made before induction and at 1, 2, 3, 4 and 5 min 
after induction were analysed. At each time point, 
mean values were derived for peak aortic blood 
velocity, peak aortic blood acceleration and aortic 
blood velocity integral. From the Doppler mea- 
sured variables, measured aortic root diameter 
(which we assumed did not change during the 
course of the study), measured arterial pressure 
and measured heart rate, we were able to calculate 
stroke volume, left ventricular stroke work, car- 
diac output, systemic vascular resistance and 

#-rate-pressure product. 

The data from four patients were not analysed: 

one because an additional dose of propofol was 


required to induce anaesthesia, and three because 
the aortic flow measurements were technically 
unsatisfactory. Two other patients were very 
anxious, with pre-induction heart rates greater 
than 100 beat min; data from these two patients 
are not included in the results. 

The mean age of the nine patients (five male) 
for whom results are reported was 23 yr (95% 
confidence interval (CI) 20-26), mean weight 
67 kg (95% CI 59-75). 

Immediately after injection of propofol there 
was a marked reduction in systemic vascular 
resistance (32%), tachycardia (15%), and in- 
creased cardiac output (18%), but no significant 
change in stroke volume. The decrease in systemic 
vascular resistance predominated and the mean 
arterial pressure decreased (11%). There was a 
small increase in both peak aortic blood flow (8 %) 
and acceleration (6%). 
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From about 2 min after injection of propofol 
and until the end of the study, systemic vascular 
resistance returned towards the resting value, but 
even after 5 min it was less than baseline (11%). 
The heart rate decreased to less than baseline 
(8%), despite the less than normal systemic 
vascular resistance. Stroke volume decreased 
slightly (5.5%) and there was a progressive 
reduction in cardiac output (15%). Mean arterial 
pressure decreased further (33%). Peak aortic 
blood acceleration and velocity decreased (3% 
and 9%, respectively). As would be expected 
froma simultaneous reduction in stroke volume, 
mean arterial pressure and heart rate, both the left 
ventricular stroke work and the rate-pressure 
product were reduced (28% and 29%, respect- 
ively). 

Mean measured and derived haemodynamic 
variables for the group, 95% CI for the means 
and P values calculated for the difference from 
baseline using the paired ż test (no allowance 
made for the effect of multiple tests) are presented 
in table I. 


COMMENT 


It is now well recognized that induction of 
anaesthesia with propofol causes a reduction in 
systemic arterial pressure, reportedly because of 
decrease in cardiac output [1], decrease in sys- 
temic vascular resistance [2], or both [3]. 

In this study we used the technique of Doppler 
aortic blood flow velocity measurement together 
with cross-sectional echocardiography to calculate 
stroke volume, peak aortic blood velocity and 
peak aortic blood acceleration. The principles and 
practice of the use of Doppler ultrasound for 
blood flow determination have been described 
previously [4]. 

Propofol appears to have a biphasic effect on the 
cardiovascular system. First, immediately after 
injection, the decrease in systemic vascular re- 
sistance predominated and the mean arterial 
pressure decreased, despite an increase in heart 
rate. From the time sequence it is likely that the 


BRITISH JOURNAL OF ANAESTHESIA 


tachycardia was baroreflex mediated, although a 
direct myocardial or central effect can not be 
excluded. In view of the known effects of 
vasodilatation on peak aortic blood flow and 
acceleration, the increase in these variables does 
not necessarily imply an increase in myocardial 
contractility. Second, from about 2 min after 
injection, despite the less than normal systemic 
vascular resistance, heart rate and stroke volume 
decreased to less than baseline. These results are 
consistent with the findings that the baroreceptor 
reflex is “reset” at a smaller pressure value than 
normal by propofol [5]. The indices of left 
ventricular function were reduced, despite the 
continued decreased systemic vascular resistance; 
this may reflect either direct myocardial depression 
or a reduction in ventricular filling as a result of 
the peripheral vasodilatation. 

These results help to explain differences found 
between previous studies. Propofol appears to 
affect the cardiovascular system in a biphasic 
manner. First, there is a marked reduction in 
systemic vascular resistance with an associated 
tachycardia, an increase in cardiac output and a 
decrease in arterial pressure. Second, the systemic 
vascular resistance increases towards normal, 
there is a decrease in heart rate and cardiac 
output, and a further decrease in arterial pressure. 
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INVERSE CORRELATION BETWEEN THE PEAK VENOUS 
SERUM CONCENTRATION OF BUPIVACAINE AND THE 
WEIGHT OF THE PATIENT DURING INTERSCALENE 


BRACHIAL PLEXUS BLOCK 


K. K. PIHLAJAMAKI 


SUMMARY 


Thirty-five adult patients with rheumatoid ar- 
thritis received for 36 interscalene brachial plexus 
blocks a standard dose of bupivacaine 200 mg, 
regardless of the weight (range 39.2-102.5 kg) 
of the patient. The peak venous serum concen- 
trations (Cmax) of bupivacaine, measured by 
HPLC, were in the range 0.82-4.30 mg litre"; 
. there were no signs of toxicity. There was a very 
significant inverse correlation between the Cmax 
of bupivacaine and the weight of the patient (r 
= — 0.5922; t = —4.285; P = 0.0007, Pearson's 
test). In spite of the correlation, only 35.1% of 
the total variance could be explained by re- 
gression. Thus weight had Iittle influence on 
Cmax under interscalene brachial plexus block. 


KEY WORDS 


Anaesthetics, local: bupivacaine. Anaesthetic techniques: 
interscalene brachial plexus block. Pharmacokinetics: age 
factors. 


For upper extremity orthopaedic surgery, for 
many years we have successfully used interscalene 
brachial plexus block [1] with 0.5% plain bupiv- 
acaine hydrochloride 40 ml, as this volume 
produces a greater area of block than 30 ml [2]. In 
many countries, a maximal recommended dose of 
bupivacaine 2mg/kg body weight is recom- 
mended. However, no correlation between the 
peak venous serum concentration (Cmax) of the 
local anaesthetic agent and the weight of the 
patient has been found during interscalene brachial 
+- plexus block. The aim of the present study was to 
determine if a correlation could be obtained using 
a standard dose of bupivacaine 200 mg. 


METHODS AND RESULTS 


We studied 36 interscalene brachial plexus blocks 
in 35 adult patients (24 women and 11 men), 
undergoing orthopaedic surgery on an upper limb 
because of active rheumatoid arthritis. One man 
(in group 1) participated twice. All the patients 
gave informed consent for the study, which was 
approved by the local Ethics Committee. 

In group 1 (n = 25), patients received 0.5% 
plain bupivacaine 40 ml; group 2 patients (n = 
11) received the same volume of 0.5 % bupivacaine 
mixed with physiological saline 20 ml. In group 1, 
the mean age was 54yr (range 28-81 yr), the 
mean weight 65 kg (39.2-102.5 kg) and the mean 
height 163 cm (143-181 cm); respective values for 
group 2 were 56 yr (30-72 yr), 65 kg (47-85 kg) 
and 164 cm (148-185 cm). 

Diazepam 10mg was given orally on the 
preceding evening and on the morning of the day 
of operation for premedication. After the block 
was completed according to Winnie [1], the 
injected solution was massaged thoroughly down 
the neck. All the patients had a tourniquet above 
the elbow. Separate blocks of the intercosto- 
brachial and medial brachial cutaneous nerves 
were not performed. Heart rate and systolic and 
diastolic arterial pressures were measured every 
5 min until the end of surgery. 

Blood samples for measurement of venous 
serum concentrations of bupivacaine were ob- 
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tained at 0, 10, 20, 30, 40, 50, 60, 90 and 120 min 
from a venus cannula in the contralateral arm. 
The sera were separated and stored at —20°C 
until assayed by HPLC [3]. The limit of detection 
of bupivacaine was 0.02 mg litre™!, the coefficient 
of variation for intra-assay variability 2.1% and 
that for inter-assay variability, 5.7%. 

Statistical comparisons of circulatory variables 
and serum concentration curves of bupivacaine 
between the two groups were carried out using 
ANOVA. The least squares method of regression 
was used and the significance of the correlation 
was analysed by Pearson’s test. P<0.05 was 
considered significant. 

The venous serum concentration curve of 
bupivacaine was identical in both groups. In 
group l, Cmax of bupivacaine was 2.26 (sD 
0.85) mg litre! (range 0.82-4.30 mg litre“), and 
the median time after administration of bupiv- 
acaine to peak serum concentration (tCmax) was 
29.6 min (95 % confidence limits (CL) 20-30 min, 
range 10-60 min). In group 2, Cmax was 2.23 
(0.70) mg litre! (range 1.44-3.54 mg litre), and 
tCmax 30.3 min (range 10-60 min). In figure 1, a 
plot of the peak venous serum concentration of 
bupivacaine against the weight of the patient is 
shown. Median Cmax was 2.11 mg litre, 5.0 
percentile 1.02 mg litre? and 95.0 percentile 
3.88 mg litre, For the least squares regression 
line, the intercept was 4.82 (95% CL 3.62-6.01) 
and the slope —0.039+0.009 (95% CL —0.057 
and —0.020). By Pearson’s test r= — 0.5922, 
t = —4,285 and P = 0.0001. 


COMMENT 


In a previous study, after using 0.5% bupivacaine 
30 ml without adrenaline for the brachial plexus 
block, it was found that Cmax was 2.2 mg litre"! 
[4], equal to that obtained in the present study 
with 40 ml of 0.5% bupivacaine. An increase in 
volume, but not dose, of bupivacaine in the 
present study had no effect on the circulation or 
on the time—concentration curve (Cmax or rCmax) 
of bupivacaine, which is in agreement with 
previous studies [5]. There was a significant 
negative correlation between the Cmax of bupiv- 
acaine and the weight of the patient. Because the 
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Fie. 1. Plot of the peak venous serum concentration of 
bupivacaine against the weight of the patient. + = Group 1 
(n = 25); x = group 2 (n = 11). The least squares regression 
line from all 36 sessions is shown. 


weight of the patients varied from 39.2 to 102.5 kg, 
the dose range of bupivacaine varied from 1.95 to 
5.1 mg kg™. Although the venous serum con- 
centration of bupivacaine often exceeded the 
estimated toxic threshold in man (2 mg litre), 
there were no signs of toxicity. In spite of the 
correlation, only 35.1% of the total variance could 
be explained by regression (r? = 0.3507). Thus 
weight had little influence on Cmax. 
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RESISTANCE TO ATRACURIUM IN A PATIENT WITH AN 
INCREASE IN PLASMA ALPHA, GLOBULINS#F 


A. J. TATMAN, S. R. WRIGLEY AND R. M. JONES 


SUMMARY 


We observed that a female patient with a poorly 
differentiated adenocarcinoma of the stomach 
undergoing gastrectomy was markedly resistant 
to the action of the neuromuscular blocking drug 
atracurium. There was no evidence of tumour 
metastasis and her liver function tests were 
normal. Electrophoresis of plasma proteins re- 
vealed a marked increase in alpha, globulin. 
Alpha, acid glycoprotein is an acute phase 
reactant that is increased in patients with cancer 
and is present in the alpha, globulin electro- 
phoresis pattern. It is likely that the mechanism 
for the resistance to neuromuscular block in the 
patient was an increase in drug binding to alpha, 
acid glycoprotein. 


KEY WORDS 


Neuromuscular relaxants: atracurium. Complications: drug 
resistance. Protein: alpha, globulins. 


Several factors are known to cause resistance to 
the action of non-depolarizing neuromuscular 
blocking drugs. These include a variety of neuro- 
logical conditions such as upper motor neurone 
lesions [1,2], multiple sclerosis [3] and disuse 
atrophy [4] in addition to non-neurological 
conditions such as thermal injury [5-7] and 
concomitant administration of anticonvulsant 
drugs [8-10]. It has also been known since 1953 
that patients with liver disease may be resistant to 
the action of tubocurarine [11] and, since that 
time, several reports have appeared which indicate 
that this occurs also with other drugs such as 
pancuronium [12, 13] and atracurium [14]. It is 
likely that the underlying cause of resistance 
differs according to the specific condition and 
blocking agent in question, but there have been 
conflicting reports on the role of altered plasma 
proteins, especially in burns patients [7] and those 


with liver disease [14-18]. We report the case 
history of a patient who was markedly resistant to 
the action of atracurium, in the absence of 
manifest hepatic disease, but who did have a 
documented increase in alpha, globulins. 


CASE REPORT 


A 65-year-old women presented to the surgical 
outpatient department with a 5-month history of 
weight loss and, more recently, dysphagia and 
abdominal pain. Before this episode, she had been 
well and the only relevant previous history was 
that she had undergone a total abdominal hys- 
terectomy in 1975. She was not receiving any 
regular medication. 

The patient underwent gastroscopy, and mu- 
cosal biopsy revealed a poorly differentiated 
adenocarcinoma. She was admitted to hospital for 
gastrectomy where preoperative investigations 
revealed a normochromic, normocytic anaemia 
(haemoglobin 10.3 gdl) and a neutrophil 
leucocytosis (white cell count 13.2 x 10° litre). 
Plasma electrolytes and corrected serum calcium 
concentrations were within the normal range. Her 
liver function tests also were normal: alkaline 
phosphatase 206 iu litre“? (normal value < 300 iu 
litre“!), total bilirubin 4 pmol litre (< 23 pmol 
litre-!), aspartate transaminase 11 iu litre! (< 43 
iu litre). Total globulins were 28 g litre}; 
immunoglobulins were: IgG 12.8 g litre! 
(9-18.5 glitre!), IgA 2.3glitre! (0.8—4.6 g 
litre!), IgM I.1glitre+ (0.4-3.0 g litre‘). 
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Electrophoresis revealed a marked increase in 
alpha, globulins. Plasma concentration of albumin 
was 19 g litre“! (30-46 g litre~!). Abdominal ultra- 
sound revealed normal liver, kidneys and spleen, 
with no evidence of metastases. The patient’s 
preoperative weight was 70.5 kg and the body 
mass index 29.8. 

The patient was premedicated with temazepam 
20 mg and anaesthesia was induced using a rapid 
sequence technique with thiopentone 3.5 mg kg 
and suxamethonium 1.3 mg kg. Anaesthesia 
was maintained with 66% nitrous oxide and 
0.5-1.0% isoflurane in oxygen with an initial dose 
of alfentanil 30 pg kg! followed by increments of 
15 pg kg. Following return of neuromuscular 
transmission (determined by train-of-four stimu- 
lation of the ulnar nerve), atracurium 25 mg 
(0.35 mg kg"!) was administered which had no 
influence on the train-of-four. An additional 
20 mg was given, which had the effect of reducing 
the fourth twitch in the train, but the patient was 
still clinically not paralysed. A different batch 
of atracurium was obtained fresh from the 
refrigerator and an additional 25 mg was given, 
which resulted in the abolition of the second, 
third and fourth twitches but not the first. After 
30 min the train-of-four ratio had returned to 
normal and an additional 40 mg of atracurium 
resulted in abolition of the third and fourth 
twitches only. The procedure took approximately 
70 min, after which the administration of neo- 
stigmine 2.5 mg caused prompt antagonism of 
block, with full return of the train-of-four re- 
sponse. Subsequently, the patient made an un- 
eventful recovery with no signs of recurarization. 
Peroperative drugs included alfentanil, cefuroxime 
and metronidazole; the patient remained haemo- 
dynamically stable throughout the procedure. At 
operation there was evidence of local lymph node 
and omental involvement, but the liver and spleen 
were clear of tumour. In the immediate post- 
operative period the patient’s temperature was 
36.5 °C, 


DISCUSSION 


Dundee and Gray first commented in 1953 on the 
resistance to tubocurarine that may occur in the 
presence of liver disease [11]. Subsequent reports 
came to conflicting conclusions on the role of 
increased binding to plasma proteins and whether 
or not the protein subfraction involved was 
albumin or gamma globulin [15-18]. Soon after 
the introduction of pancuronium into clinical 
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practice, reports appeared indicating that there 
was resistance also to this drug in patients with 
liver disease [12, 13]. The liver plays an important 
role in the disposition of pancuronium, and it was 
reported that the resistance was caused by an 
increase in distribution and elimination half-life 
and a decrease in clearance [19, 20]. In contrast to 
its involvement in the disposition of pancuronium, 
the liver does not play an important role in the 
disposition of atracurium. However, as Gyasi and 
Naguib have reported recently, severe liver dis- 
ease may be associated also with resistance to 
atracurium [14]. An alteration in plasma binding 
can influence the pharmacological activity of a 
drug, and in general a decrease in volume of 
distribution and a shortening of half-life occur 
[21, 22]. This would result in an increase in drug 
requirement for any given effect. Unlike acidic 
drugs, which are bound largely to albumin, 
basic drugs—although binding to some extent to 
albumin—associate more avidly with other plasma 
proteins [23]. The principal proteins to which 
basic drugs are bound include lipoproteins and 
alpha, acid glycoprotein [24]. Both these are 
present in the alpha, globulin fraction determined 
by electrophoresis. The varying results reported 
for the binding of neuromuscular blockers to 
gamma globulin have been referred to previously 
but it appears that, in general, basic drugs are not 
bound significantly to this fraction [24]. Of the 
two fractions associated with alpha, globulin, 
alpha, acid glycoprotein appears to play the major 
role in increasing binding in disease states [23, 24]. 
This acute phase reactant is known to increase 
non-specifically in response to a large number of 
conditions characterized by physiological stress 
such as infection, inflammation, trauma and, as in 
our report, cancer [25]. Although electrophoresis 
in our laboratory is unable to distinguish between 
the subfractions of alpha, globulin, in view of the 
association between carcinoma and the acute 
phase reactant, alpha, acid glycoprotein, we 
suggest that increased binding of atracurium to 
this plasma protein is the most likely explanation 
for the marked increase in dose requirement 
observed in our patient. In these circumstances it 
is probable that the decrease in albumin con- 
centration had little or no influence on the overall 
binding of atracurium and was therefore largely 
an incidental finding. 

It is widely appreciated that there is great + 
individual variation in response to neuromuscular 
blocking drugs, but we believe that the degree of 
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resistance exhibited by our patient was such that 
it is highly unlikely that her response was merely 
that of a normal but insensitive individual. 
Another observation reinforces our point of view. 
The notes of her previous operation were available 
and revealed that, during her previous anaesthetic 
(for hysterectomy), she was given a total of 160 mg 
of gallamine for the procedure, which lasted 
60 min. 

In conclusion, we suggest that increased bind- 
ing of atracurium to alpha, globulin plasma 
proteins was the most likely cause of resistance in 
our patient. Alpha, acid glycoprotein is an acute 
phase reactant that is increased in patients with 
cancer and is present in the alpha, globulin 
electrophoretic fraction. An increase in this frac- 
tion’ is known to cause an increase in binding of 
basic drugs, which in turn leads to an increase in 
dose requirement for any given effect. It seems 
possible that this was the specific mechanism for 
resistance in our patient and, because of the 
variety of conditions, including thermal injury, 
that can lead to an increase in concentrations of 
alpha, acid glycoprotein, this may be the under- 
lying cause in several circumstances. 
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POSTOPERATIVE MYOCARDIAL ISCHAEMIA: TEMPORAL 
ASSOCIATION WITH NOCTURNAL HYPOXAEMIA 


M. K. REEDER, A. D. MUIR, P. FOEX, M. D. GOLDMAN, L. LOH AND 


D. SMART 


SUMMARY 


Three patients presenting for elective aortic 
surgery were studied before operation and for up 
to 3 days after operation with ambulatory 
electrocardiographic monitoring and nocturnal 
pulse oximetry. Supplementary oxygen was 
administered for the first 2 days after operation 
and withdrawn on the 3rd morning after op- 
eration. Heart rate remained increased for the first 
3 days after operation. Two patients developed 
episodes of myocardial ischaemia during the first 
48 h after operation while their arterial oxygen 
saturation remained greater than 90%. On the 
third day, and during the third night after 
operation, both the severity and duration of 
myocardial ischaemia increased markedly, as- 
sociated with arterial hypoxaemia. A temporal 
relationship between decreases in oxygen satur- 
ation and fluctuations in ST segment level were 
observed in the three patients. 


KEY WORDS 
Heart: ischaemia. Hypoxaemia. Surgery: vascular. 


We have reported previously that ischaemic ST 
depression during preoperative ambulatory elec- 
trocardiographic monitoring occurs in approxi- 
mately 20% of patients presenting for vascular 
surgery [1]. They are thus a group potentially at 
risk from myocardial ischaemia in the post- 
operative period. Whilst persuing a study of the 
incidence of silent ischaemia in the pre- and 
postoperative periods, we noted three patients 
who developed marked ST depression in as- 
sociation with episodes of oxygen desaturation 
during sleep in the postoperative period. We 
present these case reports to emphasize the 
importance of postoperative oxygen therapy and 


to increase awareness of the potential hazards of 
respiratory disturbances which occur during sleep 
in the late postoperative period. 

After informed verbal consent, we studied three 
patients undergoing elective aortic reconstructive 
surgery with ambulatory ECG monitoring before 
surgery and for the first 3 days after surgery. In 
addition, continuous pulse oximetry measure- 
ments were obtained on the night before surgery 
and overnight for the first three nights after 
operation, in order to observe possible temporal 
relationships between episodes of hypoxaemia 
and the development of myocardial ischaemia. 

All patients had been investigated with a 
detailed medical history, physical examination 
and routine preoperative tests including full blood 
count, serum urea and electrolyte concentrations, 
chest radiograph and 12-lead electrocardiograph. 
In one patient, independent evaluation of myo- 
cardial function was made using a radionuclide 
gated heart blood pool scan (MUGA). No patient 
was considered to have an increased cardiovascu-. 
lar risk for the type of surgery. 


METHODS 
Preoperative monitoring 
ECG recordings were made using the solid 
state Oxford Medilog 6000 FD recording system 


attached to two bipolar electrodes. Electrodes 
were placed to record from an inferior (lead 2) and 
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HYPOXIA AND MYOCARDIAL ISCHAEMIA AFTER VASCULAR SURGERY 


a precordial (CM5) lead. Patients were monitored 
for 15-21 h before operation and were exposed to 
normal preoperative ward routine during the 
monitoring. 

Arterial oxygen saturation (Spo,) and heart rate 
were sampled once each 1s from the digital 
output of an oximeter (Ohmeda 3700) by a 
portable microcomputer at the bedside from 21:00 
until removal of the finger probe just before 
surgery. Oximetry data were stored in consecutive 
30-min files. Precise timing of hypoxaemic events 
and synchronization with ECG recordings was 
achieved by setting the time on the computer at 
the start of oximetry monitoring to correspond to 
that on the ECG monitoring system. 


Postoperative monitoring 


Ambulatory ECG monitoring was resumed 
immediately after surgery in the intensive care 
unit, and continued until the morning of the 4th 
day after operation in two of the patients. In the 
third patient the onset of renal failure required 
hospital transfer on the third day after operation 
and monitoring was possible only up to the 3rd 
morning after operation. Nocturnal oximetry 
recordings were performed overnight on the first 
three nights after operation. We elected not to 
perform continuous oximetry monitoring during 
the daytime in order to improve patient com- 
pliance for overnight oximetry. However, during 
the first two days nurses paid close attention to 
maintaining the continuity of the patient’s oxygen 
therapy. We have observed previously that super- 
vised oxygen therapy is almost 100 % effective in 
preventing hypoxaemia (< 90% Sao,) in vascular 
patients during this period. 


Data analysts 


Recorded ECG data were analysed using soft- 
ware (Oxford Medilog 6000) on a computer and 
all ST segment changes reported by the computer 
were checked by one of the investigators. Signifi- 
cant ST segment depression was defined by the 
following criteria: planar or downsloping ST 
segments, shifted 1 mm or more below baseline, 
which persisted for more than 60 ms after the J 
point and appearing in consecutive beats lasting 
for more than 60 s. Each episode was terminated 
by a return of ST segment to within 1 mm of 
baseline. For each episode of ST segment de- 
«x pression, the duration of the episode was noted. 

Pulse oximetry data were replayed so that 
significant changes in Spo, could be identified 
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visually and analysed manually to determine their 
nature. Overall oxygenation was determined using 
a computer program designed for respiratory 
sleep studies and values for the overnight mean 
Spo, and the least 30-min mean epoch were 
obtained. Synchrony of ECG recorders and 
oximeters to within a few seconds of each other 
allowed plots of heart rate, Spo, and simultaneous 
ECG to be made. 


Perioperative managment 

Patients continued to receive their normal 
cardiac medication before operation but it was 
discontinued during the postoperative period of 
monitoring. All patients received a standard 
general anaesthetic technique. Premedication was 
provided by papaveretum and hyoscine and 
anaesthesia was induced with thiopentone and 
fentanyl. Anaesthesia was maintained with a 
volatile agent and 70% nitrous oxide in oxygen. 
Routine postoperative care of patients undergoing 
aortic surgery was not altered during the conduct 
of this study. Patients received supplementary 
oxygen 4-6 litre min“ via a Hudson mask for the 
first two days after operation and were given i.m. 
or i.v. opioids for pain relief for the duration of 
the study. Fluid replacement was monitored using 
clinical observation and hourly urine output, 
aided by central venous pressure monitoring 
(CVP). No patient was monitored with a pul- 
monary artery catheter. 


CASE REPORTS 
Pattent No, 1 


A 66-yr-old man presented for elective repair of 
an aortic aneurysm. He had a past history of 
hypertension and had suffered a myocardial 
infarction 2 years previously. His hypertension 
was controlled using atenolol and he remained 
free from angina. 


Patient No. 2 


A 67-yr-old man with claudication presented 
for an aorto—bifemoral graft. He gave a past 
history of diabetes mellitus, treated by diet alone, 
and hypertension controlled by diuretic therapy. 


Patient No. 3 


A 68-yr-old man presented for elective repair of 
an aortic aneurysm. He had suffered two previous 
myocardial infarctions, the second in 1989, and 
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TABLE I. Spo, heart rate and duration of silent ischaemia for the day before and first 3 days after operation. f Onset of renal 
failure prevented further study on day 3. * Total—patient developed ischaemia only, while Spo, < 85% 


Patient No. 1 
Mean Spo, (%) 
Nocturnal 


Least 30-min 

Silent ischaemia (min h~?) 
During study 
Nocturnal (21:00-09:00) 

Heart rate (beat min=*) 
Mean 
Maximum 

Patient No. 2+ 

Mean SPo, (%) 
Nocturnal 
Least 30-min 

Silent ischaemia (min)* 

Heart rate (beat min~) 


Least 30-min 
Silent ischaemia (min h~*) 
During study 
Nocturnal (21:00-09:00) 
Heart rate (beat min?) 


Maximum 


continued to suffer from mild angina in the early 
mornings. Treatment consisted of diltiazem and 
isosorbide dinitrate. ECG showed signs of an old 
infero-lateral myocardial infarction and radio- 
nuclide gated heart blood pool scan (MUGA) 
demonstrated posterior hypokinesia with a 
resting ejection fraction of 53%. 


Postoperative course 


Table I shows for each patient, the pre- and 
postoperative values of oxygen saturation (mean 
overnight and least 30-min mean Spo,), heart rate 
(mean and maximum values), and duration of 
silent ischaemia. 

Heart rate was increased immediately after 
operation and reached a plateau on the 2nd or 3rd 
day after operation (patients Nos 1 and 3) (table 
I). Tachycardia began to subside during the 
course of the 4th day after operation. 

Administration of supplementary oxygen main- 
tained mean overnight oxygen saturations above 
or close to preoperative values for the first 2 days 


Postoperative day 





Pre-op. 1 2 3 
93.5 96.8 92 68.7 
92.6 93 90.7 56.4 

0 30 7 43 
— 12 11 48 
72 85 90 100 
85 105 108 122 
93.9 96 — 
92.7 88 — — 
0 11* 0 — 
74 104 100 
92 125 120 — 
94.6 99.5 98.1 89 
93.5 98 97 87 
1 10 9 50 
— 0 10 33 
53 100 103 103 
128 125 125 132 


after operation. Discontinuation of oxygen ther- 
apy in patients Nos 1 and 3 on the third morning 
after operation resulted in severe hypoxaemia 
with patient No. 1 spending his whole night with 
a mean Spo, of 68.7%. Patient No. 2 refused to 
continue with oximetry monitoring on night two. 
However, he continued to receive supplementary 
oxygen during his 2nd day and night after 
operation. 

Only patient No. 3 showed any preoperative 
evidence of silent ischaemia, developing 2-3 mm 
of ST depression at 07:00 on the morning of 
surgery. Myocardial ischaemia increased signifi- 
cantly in the postoperative period. Patients Nos 1 
and 3 suffered periods of myocardial ischaemia 
during their first 2 days after operation; however 
in both patients, the amount of ischaemia 
increased notably during their 3rd day and night 
after operation. The ischaemia observed during 
the 3rd night after operation was more severe 
compared with previous nights, with frequent 
episodes of ST depression to between —2 and —5 
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FIG. 1. Patient No. 1: ST segment level, saturation and heart rate (HR) plotted during the third night 

after operation. Oxygen was administered after the patient was noted to be hypoxaemic. Fluctuations in 

ST segment are closely related to reductions in Spo, Administration of oxygen stabilized ST baseline 
until the oxygen was withdrawn in the morning. 
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Frc. 2. Patient No. 2: ST segment level, saturation and heart rate (HR) plotted during the first night 
after operation. Removal of oxygen was associated with severe decreases in Spo, and periods of 
ischaemia. No ischaemic episode occurred while the patient received oxygen. 


mm. Patient No. 2 developed a total of 11 min of 
ischaemia during the first night after operation. 


Temporal association of hypoxaemia with the 
development of ST segment depression 

Patient No. 1. There was a close association 
between changes in heart rate and reductions in 
Spo, (fig. 1). The patient’s mean saturation for 
the whole night was 68.7% and the patient was 
severely ischaemic. Fluctuations in oxygen satur- 
ation matched closely further depression of the 
ST segment. Administration of oxygen abolished 
the fluctuations in ST until oxygen was removed 
in the early morning, when ST fluctuations were 
observed to return. 


Patient No. 2. Figure 2 shows simultaneous plots 
of Spo,, heart rate and ST segment during part of 
his first night after operation on the ward. 


During the night, his oxygen mask was displaced 
on three occasions, resulting in Spo, decreasing to 
less than 85%. These severe reductions in Spo, 
were associated with significant ST segment 
depression. With supplementary oxygen, no fur- 
ther fluctuations in ST segment were observed for 
the remainder of the night, despite periodic 
increases in heart rate equal to those shown in the 
figure. Removal of oxygen in the early morning 
resulted in a further desaturation to less than 85 % 
and a synchronous episode of ST segment 
depression. 


Patient No. 3. Episodic decreases in Spo, and 
increases in heart rate were associated with 
nocturnal respiratory irregularity. Worsening 
saturation (Spo, 85%) immediately preceded 
increases in severity of myocardial ischaemia 
during the patient’s third night after operation. 
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Oxygen therapy was re-instituted and there were 
no further ST segment fluctuations during the 
remainder of the night. 


DISCUSSION 


Increases in heart rate are believed to be important 
in precipitating myocardial ischaemia but, in the 
majority of cases, preoperative myocardial ischae- 
mia is not preceded by increases in mean heart 
rate greater than 20% [1]. Other reports of 
patients with angina have found myocardial 
ischaemia associated with increases in heart rate 
[2], but this finding is not uniform [3-10]. It may 
be expected, however, that factors resulting in an 
increase in heart rate may promote an increase in 
duration and severity of ischaemia in susceptible 
individuals in the postoperative period. 

In the patients described, postoperative tachy- 
cardia was a persistent phenomenon. After an- 
aesthesia and surgery, heart rate increased and 
reached a plateau during the 2nd and 3rd days 
after operation. During the 4th day, heart rate 
began to decrease. During the first two nights 
after operation, periods of myocardial ischaemia 
occurred at increased heart rates, while oxygen 
saturation remained satisfactory because of sup- 
plementary oxygen. 

In most centres, prescription of supplementary 
oxygen is usually discontinued before or by the 
3rd day after operation unless there are clinical 
indications that it should continue. As a result of 
this practice, patient No. 3 and especially patient 
No. 1, were exposed to prolonged periods of 
severe hypoxaemia which were not detected 
clinically. One factor in the equation determining 
the balance between myocardial oxygen supply 
and demand is arterial oxygenation. On the 3rd 
day after operation there was a large decrease in 
the mean overnight saturation values and also 
therefore the least 30-min mean values. In 
addition, there was a large increase in both the 
duration and severity of the observed ischaemia, 
at heart rates essentially unchanged (especially 
patient No. 1) from the 2nd day after operation. 
In view of the observed temporal association 
between hypoxaemia and the development or 
worsening of myocardial ischaemia, we agree with 
Rosenberg and co-workers [11] that these patients 
demonstrate that hypoxaemia is a participating 
factor in the development of postoperative myo- 
cardial ischaemia. Almost half a century ago, 
experimental reductions in inspired oxygen, pro- 
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ducing Spo, values between 60 and 85%, were 
frequently associated with chest pain in patients 
with ischaemic heart disease [12]. 

Mangano and colleagues [13] recently studied 
the association between transient postoperative 
myocardial ischaemia and cardiac morbidity and 
mortality in men undergoing non-cardiac surgery. 
They found that early postoperative myocardial 
ischaemia correlated well with risk of an adverse 
cardiac outcome such as myocardial infarction 
(fatal or non-fatal), angina, cardiac failure and 
ventricular tachycardia. Pasternack and colleagues 
[14] noted that the sole predictor of postoperative 
myocardial infarction was the presence of peri- 
operative myocardial ischaemia, whether silent or 
symptomatic. It is possible that the combination 
of an increased heart rate and decreased oxygen 
saturation may account in part for the observed 
increase in incidence of myocardial infarction on 
the third day after operation reported by Rao, 
Jacobs and El-Etr [15]. None of our patients was 
investigated for the presence of new postoperative 
myocardial damage, although after night 3, patient 
No. 1 developed persistent ECG changes sugges- 
tive of severe subendocardial ischaemia or in- 
farction. Apart from myocardial infarction, re- 
petitive ischaemic insults, insufficient to cause 
myocyte death, have been associated with marked 
impairment in cardiac performance [16]. This 
concept of the “stunned myocardium”, with a 
delayed return to full ventricular myocardial 
function, would appear to be relevant to the 
postoperative period after aortic surgery. Tran- 
sient ischaemic episodes are common during this 
period, and may contribute to impairment of 
myocardial function. Close monitoring of haemo- 
dynamic fluctuations, oxygen saturation and the 
maintenance of oxygen therapy for at least the 
first 3 days after operation, would appear useful in 
an attempt to protect patients from myocardial 
ischaemia after major abdominal vascular surgery. 
This may be difficult to achieve, except in a high- 
dependency environment. It is also of interest that 
none of our patients continued with their normal 
cardiac medications in the early postoperative 
period. The significance of this in the devel- 
opment of postoperative ischaemia needs to be 
examined. 
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UNUSUAL PRESENTATION OF ACUTE UPPER AIRWAY 
OBSTRUCTION CAUSED BY AN ANTERIOR MEDIASTINAL 


MASS 


T. M. AKHTAR, S. RIDLEY AND C. J. BEST 


SUMMARY 


We report an unusual case of acute upper airway 
obstruction. Inhalation of a foreign body caused 
choking in a 5-yr-old child, but subsequent 
investigations revealed a large anterior media- 
stinal tumour, externally compressing the trachea 
and the main bronchi. Such a presentation may 
be deceptive and is important, as general an- 
aesthesia may result in complete airway ob- 
struction with fatal consequences. 


KEY WORDS 
Airway: acute obstruction, mediastinal tumour. 


Acute airway obstruction is a serious emergency. 
Infections and inhalation of foreign bodies com- 
prise the majority of such cases in children, who 
may be confidently diagnosed by clinical history 
and examination. General anaesthesia may be 
required either for tracheal intubation to bypass 
the obstruction or to remove the foreign body. A 
less common cause in children is compression of 
trachea and bronchi by mediastinal tumours. Up 
to 60% of children with mediastinal masses may 
present with respiratory symptoms [1]. General 
anaesthesia in these patients is contraindicated, as 
relaxation of the tracheal musculature may cause 
collapse and complete obstruction, with fatal 
consequences. 


CASE REPORT 


A 5-yr-old girl developed a chest infection which 
was treated successfully with penicillin. Five days 
later, while eating an apple, she choked suddenly, 
developed marked stridor and became cyanosed. 
Her father applied Heimlich’s manoeuvre and 
back blows which cleared the airway, but within a 
few minutes she obstructed again and was brought 


to the hospital. The intermittent nature of the 
obstruction was very deceptive. On arrival of the 
child at the hospital, the casualty Senior House 
Officer noted that she had marked inspiratory and 
expiratory stridor, was very restless, deeply 
cyanosed and had a tachycardia of 140 beat min™. 
However, a Consultant Anaesthetist examined the 
patient 15 min later and found the patient relaxed, 
calm and pink with no signs of obstruction. In 
view of this intermittent improvement, she was 
taken to the x-ray department for the radiographic 
examination of the neck and chest. The neck 
radiograph showed a post-cricoid swelling caused 
by the foreign body. A postero—anterior chest 
radiograph was taken, but before the film could be 
developed the patients’s airway obstructed again. 
It was decided therefore, to proceed with bron- 
choscopy under general anaesthesia and the child 
was transferred to an operating theatre. An- 
aesthesia was induced with increasing concentra- 
tions of halothane in 100 % oxygen. Bronchoscopy 
showed no foreign body and a normal trachea to a 
distance of 15cm from the teeth, but marked 
narrowing beyond that. It was possible to pass the 
bronchoscope into the right main bronchus with 
difficulty, but the lumen of the left main bronchus 
was obliterated almost completely by external 
compression. 

The chest radiograph showed a widened media- 
stinum (fig. 1) and a large mediastinal tumour 
mimicking upper airway obstruction was thought 
likely. Further surgical intervention was not 
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ACUTE AIRWAY OBSTRUCTION 





Fic. 1. Chest x-ray showing widening of the mediastinum 





Fic. 2. CT scan of the chest at the level of the third thoracic 


vertebra, showing tracheal compression by the 


mediastinal mass 


anterior 


necessary and anaesthesia was discontinued, pre- 
cipitating a bout of coughing and total respiratory 
obstruction. The trachea was re-intubated and 
manual ventilation attempted, but it proved 
impossible to inflate the lungs and the patient 
became very cyanosed. The application of an 
increased positive airway pressure and a change to 


the lateral position allowed re-establishment of 


ventilation, and the patient was transferred to the 
Paediatric Intensive Care Unit. 

Controlled mechanical ventilation with a posit- 
ive end-expiratory pressure (PEEP) of 15cm 
H,O was required to maintain airway patency and 
to prevent distal air trapping. Computed tom- 





Fic, 3. CT scan of the chest at the level of the fifth thoracic 
vertebra, showing marked bronchial compression 


ography (CT) of the chest was carried out and 
showed a large anterior mediastinal mass com- 
pressing the trachea (fig. 2) and main bronchi (fig. 
3). A diagnosis of acute T-cell lymphoblastic 
leukaemia was made on bone marrow exam- 
ination. The tumour responded to steroid and 
cytotoxic chemotherapy and the mass decreased 
rapidly in size and was almost invisible on the 
chest radiograph by the 5th day of treatment. The 
patient was weaned easily from the ventilator and 
the trachea was extubated on the 6th day. She was 
transferred to the haematology ward on the 7th 
day and was discharged home after successfully 
completing the first course of chemotherapy 


DISCUSSION 


Approximately 60% of children with mediastinal 
masses present with respiratory symptoms [1]. 
These tumours may be neoplastic (Hodgkin’s 
lymphomas, teratoma, lymphoblastic leukaemia 
or benign (cystic hygroma, bronchogenic cyst). A 
large tumour mass may cause external com- 
pression of the trachea and bronchi or infiltrate 
the lumen. Intermittent airway obstruction may 
be caused by the movement of the heart during 
the cardiac cycle [2], but is usually caused by 
compression of the trachea. Symptoms are worse 
with lying supine, as the compression increases; 
patients prefer sitting up. Structures adjacent to 
the trachea (superior vena cava, pulmonary 
arteries and myocardium) may also be involved 
[3] and in severe cases local compression may 
drastically reduce right ventricular output, which 
may lead to cardiac arrest and death [4]. If biopsy 
for a tissue diagnosis is required, it should be 
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performed under local anaesthesia. General an- 
aesthesia in these patients may be fatal [5], and 
ideally should be performed only when efforts to 
shrink the size of the tumour with appropriate 
treatment have been successful [6]. , 

A history of progressive dyspnoea, chest in- 
fection and inability to lie flat should alert the 
anaesthetist to the possibility of complete airway 
obstruction on induction of anaesthesia. A chest 
CT scan quantifies the degree of airway com- 
pression, which is not always obvious on plain x- 
ray of the chest or conventional tomography 
[7,8]. A 35% decrease in the diameter of the 
tracheal lumen is associated with ventilatory 
symptoms, while a greater than 50% decrease 
may be associated with complete obstruction 
during anaesthesia [1]. Cardiac investigations 
should include electrocardiogram and echocardio- 
graphy [9]. 

Anaesthesia may have to be induced with the 
patient in the sitting position, which poses 
problems of access. A gaseous induction with 
halothane in oxygen and avoidance of neuro- 
muscular blocking agents help to preserve a 
patent airway. If obstruction develops during 
anaesthesia, turning the patient to the semi-prone 
position may relieve obstruction by reducing the 
weight of tumour on the trachea [10]. Direct 
laryngoscopy also has been reported to relieve 
complete obstruction, presumably by putting the 
trachea under tension, thereby straightening it 
[11]. A rigid bronchoscope may pass the ob- 
struction and may prove life saving. In the most 
extreme cases, femoro-—femoral cardiopulmonary 
bypass may have to be considered [12]. 

The above case report illustrates a difficult 
clinical situation in which a mediastinal tumour in 
a child mimicked inhalation of a foreign body. 
The history, clinical examination and lateral neck 
x-ray proved misleading. The clinically de- 
teriorating condition of the patient necessitated 
general anaesthesia, which should be avoided in 
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patients with mediastinal tumours. Under general 
anaesthesia, the patient developed complete ob- 
struction which was relieved with great difficulty 
using continuous positive airway pressure and 
changes in posture. 
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TRANSIENT ISCHAEMIC ATTACK AFTER SPINAL 


ANAESTHESIA 


R. A. CHUNG AND A. M. GOODWIN 


SUMMARY 


A case of transient ischaemic attack lasting 6 h 
occurred after spinal anaesthesia with bupiva- 
caine. The level of sensory block was satisfactory 
and there was no significant hypotension. We 
discuss the possible cause of this previously 
undescribed complication. 


KEY WORDS 


Anaesthetic techniques, regional: spinal. Complications: 
cerebral ischaemia, transient. 


Spinal anaesthesia is associated frequently with 
side effects such as hypotension, low back pain 
and headache. Neurological complications de- 
scribed include subdural haematoma [1], cerebral 
uncus herniation [2], intracranial haemorrhage 
[3], paresis of cranial nerves [4-6], pneumo- 
cephalus [7], visual disturbance [8, 9] and sensory 
and motor deficit at and below the level of dural 
puncture [10]. Convulsions and temporary hemi- 
paresis have been described after spinal anaes- 
thesia in a child with Moyamoya disease [11]. 
Unexplained hemiplegia and retrobulbar neuritis 
has also been reported in a healthy patient after 
hydrocele repair under spinal anaesthesia [12]. 
We describe a case of transient ischaemic attack 
characterized by loss of consciousness and tem- 
porary hemiparesis after induction of spinal 
anaesthesia in a healthy 58-yr-old male. There 
was no associated hypotension. 


CASE REPORT 


A 58-yr-old male presented with benign prostatic 
hypertrophy for transurethral prostatic resection. 
Pre-anaesthetic assessment revealed a history of 
` hypertension, controlled well with atenolol. He 
was a non-smoker and had no other relevant past 


medical history. On examination he weighed 
85 kg, cardiovascular system was normal with 
arterial pressure of 120/80 mm Hg and there were 
no carotid bruits. ECG, haemoglobin and serum 
concentrations of urea and electrolytes were 
normal. Premedication comprised papaveretum 
20mg and hyoscine 0.4mg i.m. lh before 
operation. 

On arrival of the patient in the anaesthetic 
room, a vein was cannulated and ECG and non- 
invasive arterial pressure monitoring attached. 
Systolic arterial pressure was 160 mm Hg. An i.v. 
preload of Hartmann’s solution 750 ml was com- 
menced and midazolam 4 mg given i.v., resulting 
in satisfactory sedation. Initial attempts at spinal 
anaesthesia were unsuccessful at L4—5 because of 
inability to find the interspace. Dural puncture at 
L3— with a 26-gauge spinal needle was successful 
at the first attempt and plain 0.5% bupivacaine 
2.75 ml was injected. Arterial pressure was 
measured at 3-min intervals and the level of 
sensory block was T10 bilaterally 25 min later. 
Systolic arterial pressure did not decrease to less 
than 110mm Hg at any time and the patient 
remained alert and co-operative. He was trans- 
ferred to the operating theatre and connected to 
ECG, non-invasive arterial pressure and pulse 
oximetry monitoring (Datex cardiocap). 

As the procedure was about to commence, the 
patient became dysarthric then lost consciousness 
and became apnoeic. His lungs were ventilated 
witb 100 % oxygen by face mask; arterial pressure 
was 120 mm Hg systolic. Ephedrine 10 mg was 
given i.v. as it was thought that this reading might 
be incorrect, and subsequent arterial pressure was 
found to be 140/90 mm Hg. Initially, a diagnosis 
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of high spinal block was considered, but the 
patient responded to pain originating above the 
level of T10. The period of apnoea lasted only 
about 5 min and resolved spontaneously. The 
patient’s conscious state improved also, such that 
he was able to maintain his own airway. Arterial 
pressure and pulse oximetry saturation measure- 
ments remained normal. The lack of a temporal 
relationship between the administration of any 
drug and the sudden onset of symptoms made a 
pharmacological effect unlikely, but flumazenil 
(100-ug boluses to a total of 400 ug) and naloxone 
(50-pg boluses to a total of 700 pg) were given i.v. 
to antagonize any benzodiazepine or opioid effect, 
without improvement. The patient remained 
semiconscious, with signs of a left hemiparesis. 
Surgery was cancelled and the patient trans- 
ferred to the intensive care unit. Arterial blood- 
gas tensions, serum concentrations of urea and 
electrolytes, cardiac enzymes, blood glucose con- 
centrations and 12-lead ECG were normal. An 
urgent computed tomographic (CT) brain scan 


was performed and showed no focal abnormality > 


or evidence of intracranial bleed. Contrast 
medium enhancement was not used as it was felt 
that this would add little additional information 
and the patient’s symptoms were resolving. Over 
the following 6 h the patient made a full recovery 
and had no recollection of the event. A diagnosis 
of transient ischaemic attack was made and the 
patient was referred to the physicians for further 
investigation. Serial cardiac enzymes, ECG and 
echocardiogram were normal. Carotid an- 
giography was not performed in view of his full 
recovery. 

The patient has been followed up for 9 months. 
He has been seen by a neurologist, whose opinion 
was that this was a brainstem event consequent 
upon the adverse haemodynamic effects of the 
spinal anaesthetic. He has remained totally 
asymptomatic with respect to any further cerebral 
events. On further questioning, however, a strong 
family history of cerebrovascular disease was 
ellicited. His prostatic symptoms have improved 
and he has declined further surgery and in- 
vestigations. 


DISCUSSION 


Sudden loss of consciousness after spinal anaes- 
thesia with local anaesthetics may be caused by 
cardiovascular decompensation or a total spinal 
anaesthetic. When associated with hemiparesis, 
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this implies more localized cerebral ischaemia. A 
transient ischaemic attack, cerebral infarction 
either embolic or haemorrhagic, or spontaneous 
subarachnoid haemorrhage are also possible diag- 
noses. The presence of a pre-existing disorder 
such as intracranial tumour, encephalitis or mul- 
tiple sclerosis should be considered. Spinal an- 
aesthesia may also precipitate pre-existing neuro- 
logical disease [13]. In our patient, a diagnosis of 
transient ischaemic attack was confirmed by the 
spontaneous recovery within 24 h and normal CT 
scan. No significant change in heart rate or arterial 
pressure occurred, but we accept that, with 
intermittent non-invasive pressure monitoring 
there may have been periods of pressures less than 
those recorded. The onset and duration of 
symptoms correlated well with that of the spinal 
anaesthesia and it is unlikely that this attack was a 
purely coincidental event. We feel, however, that 
there are similarities between our patient and the 
case described of a child with Moyamoya disease 
[11]. In that patient, convulsions and hemiparesis 
lasting 10 days occurred after spinal anaesthesia. 
In both patients, symptoms of cerebral ischaemia 
occurred despite cardiovascular stability and there 
was good recovery. 

Moyamoya disease is a syndrome with which 
there is a compromised cerebral circulation caused 
by bilateral stenosis and obstruction of major 
cerebral vessels and development of a vascular 
network at the base of the brain [14, 15]. This 
results in symptoms of cerebral ischaemia, usually 
in the form of transient ischaemic attacks. Without 
cerebral angiography, we have no conclusive 
evidence, but propose that our patient also had a 
compromised cerebral circulation caused by ac- 
celerated atheroma secondary to hypertension. He 
had a strong family history of cerebrovascular 
disease and, although he had no previous history 
of transient ischaemic attacks, blood flow to an 
area with critical cerebral perfusion could have 
decreased to less than adequate levels. This could 
occur without a large change in arterial pressure, 
because changes in cardiac output may have been 
more important. Even if arterial pressure is 
maintained by compensatory vasoconstriction 
above the level of a spinal block, cerebral blood 
flow may be reduced [16, 17]. 


In conclusion, we have observed a previously 
unreported complication following spinal anaes- 
thesia. We suggest that this was a brainstem 
transient ischaemic attack consequent upon the 


ISCHAEMIA AFTER SPINAL ANAESTHESIA 637 
De Lange JJ, Stilma JS, Crezee F. Visual disturbances 


adverse haemodynamic effects of spinal anaes- 9. 
after spinal anaesthesia. Anaesthesia 1988; 43: 570-572. 


thesia in a susceptible individual. 


10. Kane RE. Neurologic deficits following epidural or spinal 
anesthesia. Anesthesia and Analgesia 1981; 60: 150-161. 
11. Yasukawa M, Yasukawa K, Akawaga S, Nakagawa Y, 
7 REFERENCES Miyasaka K. Convulsions and temporary hemiparesis 
. Jonsson LO, Einarsson P, Olsson GL. Subdural hae- following spinal anesthesia in a child with Moyamoya 
matoma and spinal anaesthesia. Anaesthesia 1983; 38: disease. Anesthesiology 1988; 69: 1023-1024. 
144-146. 12. Ghate SV, Kulkarni SG, Sarate GS. Hemiplegia and 
. Eerola M, Kaukinen L, Kaukinen S. Fatal brain lesion retrobulbar neuritis after subarachnoid block. Canadian 
following spinal anaesthesia. Acta Anaesthesiologica Anaesthetists Society Journal 1981 ; 28: 283-284. 
Scandinavica 1981; 25: 115-116. 13. Fleiss AN. Multiple sclerosis appearing after spinal 
. Mantia AM. Clinical report of the occurrence of an anesthesia. New York State Journal of Medicine 1949; 49: 
intracranial hemorrhage following post-lumbar headache. 1076-1077. 
Anesthesiology 1981; 55: 684-685. 14. Brown SC, Lam AM. Moyamoya disease—A review of 


. Wang LP, Fog J, Bove M. Transient hearing loss 
following spinal anaesthesia. Anaesthesia 1987; 42: 


experience and anaesthetic management. Canadian 


Journal of Anaesthesia 1987; 34: 71-75. 


1258-1263. 15. Warlow CP. Cerebrovascular disease. In: Weatherall DJ, 

. Richer S, Ritacca D. Sixth nerve palsy after lumbar Ledingham JGG, Warrell DA, eds. Oxford Textbook of 
anaesthesia, Optometry and Vision Science 1989; 66: Medicine. Oxford: Oxford University Press. Vol. 2. 1984; 
320-321, 21-71. 

. King RA, Calhoun JH. Fourth cranial nerve palsy 16. Sancetta SM, Lynn RB, Simeone FA, Scott RW. Studies 
following spinal anaesthesia. Journal of Clinical Neuro- in hemodynamic changes in humans following induction 
opthalmology 1987; 7: 20-22. of high and low spinal anesthesia. Circulation 1952; 6: 

. Roderick L, Moore DC, Artru AA. Pneumocephalus with 559-575. 
headache during spinal anesthesia. Anesthesiology 1985; 17. Lee AJ, Atkinson RS, Watt MJ, eds. Physiology of central 


62: 690-692, 
. Stoll MR. Pericentral ring scotoma. Archives of Oph- 
thalmology 1950; 43: 66-91. 


neural blockade. In: Sir Robert Macintosh’s Lumbar 
Puncture And Spinal Analgesia, 5th Edn. Edinburgh: 
Churchill Livingstone, 1985; 98-117. 


British Journal of Anaesthesia 19913; 67: 638-643 


TEMPERATURE DEPENDENCE OF LED AND ITS 
THEORETICAL EFFECT ON PULSE OXIMETRY 


K. J. REYNOLDS, J. P. DE KOCK, L. TARASSENKO AND J. T. B. MOYLE 


SUMMARY 


Ambient temperature is known to affect the 
emission spectrum of a light-emitting diode 
(LED). This study has investigated the effect of 
changes in ambient temperature on the emission 
spectra of two LED with peak emission wave- 
lengths similar to those used in pulse oximetry. 
There was a 5.5-nm increase in the peak 
wavelength for a 660-nm LED, and a 7.8-nm 
increase in the peak wavelength for a 950-nm 
LED as temperature increased from O to 50°C. 
Using a simple theoretical model based on the 
Beer-Lambert law, the effect of these shifts in 
wavelength on pulse oximeter accuracy was 
examined and found to be negligible over the 
temperature range studied. 


KEY WORDS 
Equipment: pulse oximeters. Monitoring: pulse oximeters. 


The mode of operation of the pulse oximeter has 
been described previously [1]. Pulse oximeter 
probes normally contain two light-emitting diodes 
(LED) which typically emit red (660-nm) and 
infra-red (950-nm) light. However, it has been 
suggested [2] that problems may occur with the 
pulse oximeter as a.result of temperature de- 
pendent changes in performance of the LED. 

It is known that the peak wavelength of the 
emitted radiation from an LED changes with 
ambient temperature. LED are semiconductor 
devices and light is emitted when an electron 
acquires sufficient energy to cross the forbidden 
energy gap, E,. When this electron returns to a 
lower energy level, a photon is emitted with a 
wavelength, A, which is related to the energy gap 
of the semiconductor by E, = hc/à, where h is the 
Planck constant (= 6.626 x 10-7% Js) and c is the 
speed of light in a vacuum (= 2.998 x 10®ms~). 
The magnitude of E, depends on temperature 


(3, 4]; in most common semiconductor materials, 
E, decreases as temperature increases. Thus the 
peak emission wavelength of an LED should 
increase with temperature, as A is inversely 
proportional to E}. 

Oxygen saturation is monitored usually in 
heated clinical environments, but pulse oximeters 
are used occasionally in extreme temperatures, for 
example, by the roadside [5]. Most manufacturers 
quote an operating temperature range of 0-50 °C 
(table I). The shift in wavelength of the LED with 
temperature has been anticipated by one manu- 
facturer (Physio-Control, Lifestat 1600) and a 
temperature sensor diode has been included in 
their oximeter probe. 

The purpose of this study was to determine the 
shifts in emission spectra of both red and infra- 
red LED, produced by changing the ambient 


TABLE I. Pulse oximeter operating temperature ranges given by 
manufacturers. * Temperature sensor diode included in Physio- 
Control oximeter probe 


Operating range (°C) 


Manufacturer Pulse oximeter Min. Max. 
Physio-Control Lifestat 1600 0 45* 
Sensormedics Oxyshuttle 15 40 
Minolta Pulsox 7 None specified 
Nonin 8604 10 45 
Kontron 7840 15 40 
Novametrix 515 10 40 
Datex Satlite 10 35 
Nellcor N-200 0 40 
Ohmeda Biox 3700 0 50 
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Tase II. Blectro-optical LED characteristics 


Wavelength 
LED type (nm) Output power 
TLMP 7005 660 500 mcd at 50 mA 
TSUS 5402 950 15 mW at 100 mA 





temperature from 0 to 50 °C. A theoretical model 
was then used to predict the effect of these shifts 
on the accuracy of pulse oximeter saturation 
readings. 


MATERIALS AND METHODS 


The spectra of the LED were measured using a 
Czerny~Turner type monochromator. Two LED 
were investigated (table II): one with peak 
emission wavelength, Apeaxs at a nominal 660 nm 
(R), and one with Apex at 950 nm (JR), these 
wavelengths being typical of those used in pulse 
oximetry. Each LED in turn was mounted in a 
holder in front of the spectrometer, and was 
modulated with a square wave signal at 1 kHz. 
The modulating signal had a 50% duty cycle, and 
the maximum current specified on the data sheet 
(table II) was passed through the LED during the 
“on” part of the cycle. The LED in commercial 
pulse oximeters are pulsed typically at between 
0.5 and 1.5 kHz, with a duty cycle of 2-50% 
depending on the make of oximeter. A 50% duty 
cycle was chosen for our experiments, as the 
heating effect is greatest under these conditions. 

The light from the LED was focused through 
the input slit of the spectrometer and, by varying 
the angle of incidence onto a reflection grating, a 
range of wavelengths from 600 nm to 1000 nm 
was obtained. The spectrometer uses a ger- 
manium photodiode to measure the output light 
intensity at each wavelength. A transimpedance 
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Fic. 2. Cross-sections of the water-filled holder used to mount 
the LED in front of the spectrometer. 


and lock-in amplifier completed the arrangement 
(fig. 1). 

The holder in which the LED were mounted 
contained a hollow channel through which water 
from a temperature controlled reservoir was 
pumped (fig. 2). The walls of the holder were very 
thin in order to optimize thermal contact between 
the water and the LED. By adjusting the 
temperature of the water in the reservoir, the 
ambient temperature of the LED was changed. 
The water temperature in the reservoir was 
measured using a mercury-in-glass thermometer 
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Fıs. 1. Diagram of apparatus used to measure the emission spectrum of an LED at ambient temperatures 
between 0 °C and 50 °C. 
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Fic. 3. Shift in emission spectrum of red LED as ambient 
temperature is increased from 0 °C to 50 °C in 10-°C steps. 


immersed up to 10cm. To minimize heat loss 
through the circuit, distances between the LED 
holder and the reservoir were small, and the 
temperature difference between water at the inlet 
and outlet of the reservoir was checked and found 
to be less than J °C. 

The spectrum of each LED was measured at 2- 
nm intervals at ambient temperatures of 0, 10, 20, 
30, 40 and 50°C. The system was allowed to 
equilibrate for 10 min between the measurement 
of each spectrum. 


Theoretical model to examine the effect of spectral 
shifts on pulse oximeter reading 


As pulse oximeters are calibrated when the two 
LED are operating at their nominal wavelengths, 
it is possible that shifts in wavelength lead to 
inaccuracies in the oxygen saturation reading 
from the pulse oximeter (Spo,). In order to 
estimate the error caused by a change in ambient 
temperature from 0 to 50 °C, we derived, as a first 
approximation, a simple mathematical relation- 
ship based on the Beer—Lambert law. This law 
relates the optical density (OD) of an absorbing 
(but non-scattering) solution to the concentration 
of absorber by 


OD = logio (1./D = ecd 
where I, and J are the incident and transmitted 
light intensities respectively, through a sample of 


depth d, concentration c, and having an extinction 
coefficient €. 
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For a solution containing n absorbers: 
total absorption = }, &cd; 
i=l 


The ratio of the absorption at two wavelengths, 1 
and 2, is: 


3 Encid, 
R/IR = B= Hoo 
> En Cyd, 


With two species of haemoglobin, oxygenated 
(subscript 0) and reduced (subscript r), occupying 
the same depth, this becomes: 


_ 81010 F E1rCir 


= (1) 
820020 + arCer 


If we define the saturation of a species i as S, = 
(c&/c), where c is the total haemoglobin con- 
centration, then we have: 


a S£1r+ S810 
Sar + Sof0 


Now S, =1—S,. Substituting into (1) and re- 
arranging gives: 


Err — peg; 


Err — E10 + BlEx0— Ear) 


which is the theoretical relationship for the oxygen 
saturation of blood when scattering is neglected. 
It should be remembered that SPo, is expressed 
normally as a percentage, and equation (2) should 
therefore be multiplied by 100 %. 


So = Spo, = (2) 


Calculation of the effective extinction coefficients 


While LED have narrow-band spectral outputs, 
they cannot be considered to be monochromatic. 
It is preferable, therefore, to compute “effective 
extinction coefficients” for oxyhaemoglobin 
(HbO,) and haemoglobin (Hb), taking into ac- 
count the spectral distribution, rather than using 
the values of extinction coefficients at the peak 
emission wavelengths. The effective extinction 
coefficients are computed by summing the 
products of the normalized LED intensity value 
and the extinction coefficient every 2 nm over the 
whole spectrum. That is: 


ett = Y IA) e(a) 
à 
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Fic. 4. Shift in emission spectrum of infra-red LED as 
ambient temperature is increased from 0 °C to 50 °C in 10-°C 
steps. 
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The extinction coefficients, (À), of HbO, and 
Hb were obtained previously at 2-nm intervals 
using a Shimadzu UV-160 double beam scanning 
spectrophotometer [6]. 


RESULTS 


The measured spectra for the red and infra-red 
LED, respectively, are shown in figures 3 and 4. 
Each spectrum has been normalized by setting the 
sum of the intensity values, J(A), measured at 2- 
nm intervals, equal to 1. The results in figure 3 
show a steady increase in peak emission wave- 
length of the red LED as temperature is increased 
from 0 to 50 °C, with an overall shift of 5.5 nm. 
Figure 4 shows a shift of the infra-red spectrum of 
7.8 nm in the same direction for the same increase 
in temperature. 
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Fic. 5. Pulse oximeter saturation reading (SPo,) plotted 

against red/infra-red ratio (R/IR) according to equation (2), at 

ambient temperatures of 0°C and 50°C. Equation (2) was 
derived using the Beer-Lambert law. 


From figures 3 and 4, the half-intensity spectral 
bandwidths may be measured to be 25 nm for the 
red LED and 55nm for the infra-red LED, 
although the spectral bandwidth did not change 
significantly with either LED. The effective 
extinction coefficients of HbO, and Hb at each 
temperature were evaluated using the method 
described. These values (table III) were sub- 
stituted into equation (2), and the values of Spo, 
calculated from this equation were plotted against 
the R/IR ratio at 0 and 50 °C (fig. 5). 


DISCUSSION 


A shift of 5.5 nm in red LED peak wavelength, 
and of 7.8 nm in infra-red LED peak wavelength 
caused negligible change in the value of Spo, 


TABLE III. Effective extinction coefficients of oxyhaemoglobin (HbO , and reduced haemoglobin (Hb) 





Red Infra-red 
HbO, Hb HbO, Hb 
Temperature 819 êir Eto Er 
(°C) (litre mmol"! cm~) (litre mmol“? cm~!) (litre mmol“! cm~!) (litre mmol“! cm~?) 

0 0.123 0.856 0.274 0.153 
10 0.122 0.849 0.273 0.151 
20 0.121 0.845 0.271 0.148 
g 30 0.119 0.832 0.269 0.145 
fs 40 0.118 0.823 0.267 0.141 
50 0.117 0.811 0.265 0.139 
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calculated from equation (2) (fig. 5). Thus, to a 
first approximation, a change in the ambient 
temperature of the LED from 0 to 50 °C should 
not affect the accuracy of pulse oximeter readings. 

The temperature dependence of the energy gap 
of semiconductors is well documented [3, 4]. The 
standard deviation of the energy gap at room 
temperature is approximately 0.1% [7], and for a 
given change in temperature, the uncertainty in 
the magnitude of the wavelength shift is of the 
same order of magnitude. This spread of values 
for wavelength shift is small enough not to affect 
our conclusion. In contrast, there is a variation of 
up to +15 nm in the peak wavelength of different 
LED of the same type, because of production 
tolerances. This problem is overcome in com- 
mercial pulse oximeters by the inclusion of a 
coding resistor in the probe connector which 
allows the oximeter to select a calibration curve 
appropriate to the wavelengths of the LED in that 
particular probe [8]. 

It should be remembered that the relationship 
between Spo, and R/IR, P, given in equation (2), 
was derived using the Beer-Lambert law. How- 
ever, it is well-known that whole blood does not 
behave as a simple absorbing substance, and that 
light is scattered repeatedly by the red blood cells 
[9]. Thus equation (2) is only an approximation 
and pulse oximeters are usually calibrated 
empirically using data obtained by inducing 
hypoxia in healthy volunteers. Nonetheless, the 
model based on equation (2) does give a good 
indication of the effect of changes in extinction 
coefficients on the estimation of Spo, It is 
unlikely, therefore, that the shift of LED emission 
spectra with ambient temperature affects the pulse 
oximeter reading in most clinical situations. 

Other factors, however, may cause inaccuracies 
in Spo, readings at extreme temperatures. In 
states of extreme cold, for example, there is a 
generalized cutaneous vasoconstriction and re- 
duced blood flow, while in hot temperatures 
vasodilatation occurs and blood flow is increased. 
These effects are particularly marked in the 
extremities of the body, for example in the finger. 

Vasoconstriction of the peripheral vascular bed 
induced by cold exposure may reduce significantly 
the amplitude of the a.c. signals received by the 
pulse oximeter [10]. While there is little con- 
clusive evidence on the effects of perfusion on 
pulse oximetry, the failure of any signal to be 
detected in states of low perfusion has been noted 
on several occasions [11-15]. 
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The reduced amplitude of the a.c. signals 
occurring during cold exposure causes the pulse 
oximeter to be more sensitive to motion artefacts, 
for example those caused by shivering or cough- 
ing. These artefacts may cause the pulse oximeter 
to give an erroneous value of Spo, [16]. 

Further consequences of exposure of the body 
to cold temperatures include a reduced oxygen 
uptake by the cold skin, and a cold induced shift 
to the left of the HbO, dissociation curve. This 
causes the oxygen saturation of the blood to 
increase, especially in the extremities of the body 
which are at a lesser temperature than the core 
temperature. Thus the oxygen saturation meas- 
ured across the finger by a pulse oximeter may not 
give a correct indication of the oxygen saturation 
of the blood in the main body circulation, even 
though it may be giving a correct value for the 
saturation of the blood in the finger. 

We conclude that inaccuracies in pulse oximeter 
readings in extreme temperatures are far more 
likely to be caused by changes in peripheral 
perfusion, rather than a result of the temperature 
dependence of the light sources in the pulse 
oximeter probe. 
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EFFECT OF SUPINE AND LATERAL POSITIONS 
ON AIRWAY PATENCY IN ANAESTHETIZED 
PATIENTS 


D. G. SWANN* AND G. B. DRUMMOND 
Department of Anaesthetics, Royal Infirmary of Edinburgh 


Recent studies have renewed interest in the mechanisms of 
airway obstruction in anaesthetized patients. We have studied 
the effect of the two most common patient positions (supine 
and lateral) on the degree of head extension necessary to main- 
tain a clear airway in anaesthetized, spontaneously breathing 
patients. 

Thirty-five patients gave informed consent to the study. AIl 
had disease-free airways and normal head and neck move- 
ments. At the end of minor surgery, anaesthesia was con- 
tinued via a well-fitting face mask and circle system. Patients 
were lying supine on a hard flat surface without additional 
head support. Expired tidal volumes were measured using a 
volumeter. Head extension was varied until a clear airway 
could be maintained ; this was indicated by a maximal expired 
tidal volume. The angle of head extension was recorded as the 
angle between the horizontal surface and a line joining the 
tragus of the ear and the lateral corner of the eye. The pa- 
tients were then turned to the lateral position with a hard fiat 
surface apposed to the back of the occiput and scapulae. The 
same manoeuvre and measurements were repeated. 
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Fic. 1. Head extension (median, interquartile range) to 
maintain airway in the supine and lateral positions. 


Three patients developed airway obstruction despite maxi- 
mal head extension and were excluded from analysis. The re- 
maining 32 patients required less head extension in the supine 
position (median 132 degrees, interquartile range 127.5-136 
degrees) than in the lateral position (median 137 degrees, inter- 
quartile range 132.5-141.5 degrees) (P < 0.001, Wilcoxon 
test) (fig. 1). 

The traditional concept of the mechanism of upper airway 
obstruction in anaesthetized patients was that the tongue fell 
back against the posterior pharyngeal wall. This view was sup- 
ported by radiographic studies by Safar, Escarraga and 
Chang [1] who advocated that backward tilt of the head would 
separate the base of the tongue from the pharyngeal wall. It 
would be reasonable to expect greater head extension in the 
supine than in the lateral position since the tongue would fall 
back more easily under gravity. However, our study shows 
that it is easier to maintain the airway in the supine position. 
We have not demonstrated the mechanism involved. 


REFERENCE 


1. Safar P, Escarraga LA, Chang F. Journal of Applied 
Physiology 1959; 14: 760-764. 


MORBIDITY FOLLOWING DAY-CASE 
PROCEDURES 


S. O. SMITH, A. LOWRIE*, R. MARTLEW®*, 

F. MONSELL* AND A. S. LAURENCE 

Departments of Anaesthetics and Orthopaedics, Royal Preston 
Hospital 


Out previous presentations to the Society have revealed a sur- 
prisingly high incidence of postoperative morbidity in day- 
case dental patients [1] which is not improved by abolition of 
suxamethonium pains [2]. We present here morbidity data after 
three common day-case procedures where suxamethonium 
pains have been prevented. 

Twenty-four patients presenting for day-case gynaeccolog- 
ical laparoscopic sterilization on a Saturday morning were 
given a standard anaesthetic technique of propofol, atra- 
curium, fentanyl and ventilation with nitrous oxide in oxy- 
gen. Twelve patients were premedicated with diclofenac 
50 mg orally 1 h before operation. 


Twenty-six patients presenting on a midweek afternoon4ay 


day-case list for dental extractions were allocated to two 
groups. Half of the patients were allowed to breathe spon- 
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TABLE I. Operation site pain (0-3) and activity (0-3) scores 
(total score/maximum score) in the three groups 


Operation site pain Activity 
Day1l Day2 Dayı Day 2 
Gynaecological 36/72 — 33/72 — 
(n = 24) 
Dental 38/78 37/78 38/78 52/78 
(n = 26) 
Orthopaedic 18/36 15/36 18/36 19/36 


(n = 12) 


taneously after tracheal intubation using suxamethonium, but 
after administration of alcuronium 2 mg to prevent muscle 
pains. In the remaining patients, the trachea was intubated 
using atracurium and ventilation was with nitrous oxide in 
oxygen. 

Twelve patients on a morning midweek list for day-case 
arthroscopy were anaesthetized using propofol, fentanyl and 
spontaneous ventilation with isoflurane and nitrous oxide in 
oxygen. 

All patients were seen on the Ist and usually 2nd day after 
operation by one of the investigators unaware of the anaes- 
thetic technique used. They were assessed for operation site 
pain (0-3) and activity (0 = in bed, 3 = full activity) as in our 
previous studies (table I). 

Operation site pain was similar in all three groups. The 
greater overall activity in the gynaecological group is sur- 
prising since until recently this procedure was considered 
unsuitable for day-case management. Some of the observed 
differences in activity might, however, be a result of the 
different days of the week and time of day that the three 
procedures were undertaken. 

Although pain scores in the orthopaedic group were similar 
to the other groups, there was no reduction on the 2nd day. 
Overall activity was rather poor also on both days, but may 
be more affected by the site of operation. 

Our preliminary findings suggest that day-case morbidity 
may be reduced by improvement in surgical and anaesthetic 
(as well as administration of analgesia) skills. 
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COMPARISON OF INFUSION RATES OF 
THIOPENTONE FOR INDUCTION OF 
ANAESTHESIA IN ELDERLY PATIENTS 


M. C. BERTHOUD®*, J. E. PEACOCK AND 
C. S. REILLY 
Department of Anaesthesia, University of Sheffield 


In a previous study [1] where propofol was administered to 
patients aged 60 yr or more, a slower rete of infusion for in- 
duction of anaesthesia resulted in increased cardiovascular 


ae istability and a lower total dose. The aim of this study was to 


evaluate this effect using thiopentone, and to determine if this 
effect was reflected in alterations in plasma concentration. 
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TABLE II. Duration of induction of anaesthesia, total dose of 

thiopentone required and AUC values in patients receiving 

thiopentone 300 ml h`? (group 1), 600 ml h-! (group 2) and 
1200 ml h-+ (group 3) (mean (SD) 


Induction time Thiopentone AUC (10 min) 
(s) (mg kg) (pg ml“? min`!) 
Group 1 90.8 (19,3) 2.80 (0.37) 53.13 (10,82) 
Group 2 57.4 (10.5) 3.63 (0.39) 71.94 (14.95) 
Group 3 40.8 (6.7) 4.99 (0.96) 86.78 (35.56) 
P value < 0.001 < 0.001 < 0.05 


After Ethics Committee approval and written informed con- 
sent, 30 patients ASA I or II, aged 60 yr or more were allo- 
cated randomly to receive 2.5% thiopentone at 300 ml h~t 
(group 1), 600 ml h`?! (group 2) or 1200 ml h~? (group 3), for 
induction of anaesthesia using an Ohmeda 9000 infusion pump. 
Temazepam 20 mg orally was given 1h before surgery, and 
all patients received fentanyl 0.75 ug kg-! 5 min before induc- 
tion. The end of induction of anaesthesia was defined as loss 
of verbal contact with the patient. The patient then breathed 
66% nitrous oxide in oxygen, supplemented by enflurane ac- 
cording to clinical requirements. Monitoring throughout con- 
sisted of non-invasive arterial pressure (Dinamap), ECG and 
pulse oximetry. The duration of induction and total dose of 
thiopentone required were noted. Blood samples were ob- 
tained at 2, 5 and 10 min after induction for subsequent 
analysis of thiopentone by high performance liquid chromato- 
graphy [2]. The area under the concentration—time curve was 
calculated for each patient using the trapezoidal rule. Data 
were analysed using ANOVA (SPSSX PC) and P < 0.05 was 
taken as significant. 

There were no significant differences between the groups 
in sex, weight or ASA status. The patients in group 2 were 
significantly older than those in group 1 (P = 0.014). The 
method of induction of anaesthesia was smooth and no patient 
experienced discomfort. There were no significant differences 
between the groups in heart rate, mean arterial pressure or 
oxygen saturation. The induction time was significantly 
longer in patients receiving the slower infusions of thiopen- 
tone, but the total dose of induction agent was significantly 
smaller (table IT). Concentrations of thiopentone were smaller 
in the groups receiving slower induction rates. This was 
significant for concentrations measured at 5 (P = 0.002) and 
10 min (P = 0.003). 
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PROPOFOL INDUCES THE PRODUCTION OF 
ENDOTHELIUM-DERIVED RELAXING FACTOR 
A. J. PETROS*, R. G. BOGLE* AND J. D. PEARSON* 


Department of Anaesthesia, Northwick Park Hospital and 
Section of Vascular Biology, MRC Clinical Research Centre, 
Harrow 


Propofol reduces arterial pressure partly by decreasing sys- 
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TABLE III. cGMP production (geometric mean) in response to propofol from 3-7 separate cell batches. 
n = number of wells. *P < 0.05, ** P < 0.01 compared with control; tt P < 0.01 compared with propofol 
alone. (Data were log-transformed and a Dunnatt’s t test performed) 


Krebs (control) 

DMSO (0.1% in Krebs) 
10% Lipid 

SNP 100 pmol litre? 
Bradykinin 100 nmol litre“! 


Propofol 
30 pmol litre! 
100 pmol litre? 
300 umol litre 
1 mmol litre! 
Propofol 100 pmol litre? 
Propofol + nitro-arginine 100 pmol litre! 
Propofol+ haemoglobin 10 pmol litre? 


temic vascular resistance (SVR). Endothelium-derived 
relaxing factor (EDRF), now identified as nitric oxide [1], is 
released from endothelial cells and increases guanosine 3’,5’- 
cyclic monophosphate (cGMP) production in adjacent 
smooth muscle cells evoking relaxation. Given i.v., L- 
arginine, the physiological precursor of nitric oxide, reduces 
SVR [2]. Since nitric oxide is a potent vasodilator [1] we 
investigated if propofol could stimulate the release of nitric 
oxide from endothelium. 

Porcine aortic endothelial cells were isolated using standard 
collagenase digestion techniques [3] and used between pass- 
age one to three. Porcine aortic smooth muscle celis were iso- 
lated from explants of porcine aorta and used between passage 
one and two. Co-cultures were prepared by seeding approxi- 
mately equal numbers of endothelial cells and smooth muscle 
cells into a 24 well tray for use 24 h later. Before the experi- 
ments the co-cultures were rinsed twice in HEPES-buffered 
Krebs and incubated for 10min with cither propofol 
30 umol litre"-1 mmol litre! or propofol 100 pmol litre? 
plus inhibitor. cGMP was extracted with HCI 0.1 mol litre 
and measured by specific radioimmunoassay. 

Propofol stimulated the formation of cGMP in co-cultures 
in a dose-dependent manner (table III). Formation of cGMP 
was attributable to release of nitric oxide since the response 
was abolished in the presence of haemoglobin and antagon- 
ized by the specific inhibitor of nitric oxide synthase, N°- 
nitro-L-arginine. Lipid 10% had no effect. Cultures of 
smooth muscle cells alone did not respond to propofol as 
there was no increase in cGMP, although they responded to 
SNP (n = 6), thus confirming the endothelium-dependent 
nature of the propofol-induced nitric oxide response. It re- 
mains to be determined if the vasodilatation produced clinic- 
ally by propofol is mediated by nitric oxide. 
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cGMP 95% 
(fmol/ confidence 
n cell x 10°) interval 
16 7.01 (5.7-8.7) 
12 6.70 (5.2-8.6) 
12 7.02 (5.5-9.0) 
4 132.0** (85.9-203.0) 
3 29.96** (18.2-49,2) 
8 10.38* (7.7~14.1) 
14 14.47** (11,5-18.2) 
13 30.44** (24.0-38.7) 
12 36,.29** (28,3-46.5) 
5 17.14 (11.7~-25.2) 
9 7564+ (5.7-10.1) 
8 6.54tt (4.8-8.9) 


VARIATIONS IN RESPIRATORY SINUS 
ARRHYTHMIA MAY REFLECT LEVELS OF 
ANAESTHESIA 


C. J. D. POMFRETT*, J. R. SNEYD*, M. J. BEECH 
AND T. E. J. HEALY 

University Department of Anaesthesia, Withington Hospital, 
Manchester 


Respiratory sinus arrhythmia (RSA) is a non-pathological in- 
crease in heart rate with inspiration and decrease with expir- 
ation. Off-line measurements of the amplitude of RSA have 
shown it to decrease during isoflurane-nitrous oxide anaes- 
thesia in man and increase during the subsequent recovery 
period [1]. Established on-line tests for RSA have concen- 
trated on screening diabetics exhibiting autonomic neuro- 
pathy, the level of RSA being thought widely to reflect para- 
sympathetic tone [2]. Some variation is present in the relation 
between RSA and parasympathetic tone in non-anaesthetized 
individuals [3]. 

We have studied changes in the amplitude of RSA in 60 
patients undergoing elective surgery. Informed consent was 
obtained in accordance with a procedure approved by the 
local Ethics Committee. Patients were anaesthetized with a 
bolus i.v. dose of propofol 2 mg kg™! and anaesthesia was main- 
tained with 66% nitrous oxide in 33% oxygen and 1-3% 
isoflurane, and fentanyl 1-1.5 pg kg}. Thirty-eight patients 
breathed spontaneously and in 22 patients the lungs were 
ventilated artificially after paralysis with vecuronium or atra- 
curium. Circular statistics [2] were used to derive the level of 
RSA on-line in 1-min epochs from standard ECG and res- 
piratory waveform data using a microcomputer-based system. 

In 83% of patients where the lungs were ventilated arti- 
ficially, an increase in RSA following laryngoscopy occurred 
while in 86 % of spontaneously breathing patients an increase 
in RSA after insertion of a laryngeal mask airway was present. 
This increase was followed usually by a decrease in RSA to 
values less than those seen before anaesthesia. A rapid in- 
crease and subsequent reduction in RSA to less than baseline 


values occurred in 100% of paralysed and 79% of spon- xe 
taneously breathing patients after cessation of anaesthesia ~ 


and up to 4 min before recovery. A possible mechanism for 
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this activity is firing of vagal neurones stimulated by waking 
arousal in the nucleus solitarius of the brainstem. On-line 
monitoring of RSA may, therefore, give a prediction of light 
anaesthesia and wakefulness in man. 
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DOES PHYSIOTHERAPY AFFECT THE AUDITORY 
EVOKED POTENTIALS OF SEDATED PATIENTS 
IN THE INTENSIVE CARE UNIT? 


J. R. SNEYD*, D. Y. WONG*, D. EDWARDS*, C. J. D. 
POMFRETT®, B. R. H. DORAN*, T. E. J. HEALY AND 
B. J. POLLARD 

Departments of Anaesthesia, Manchester Royal Infirmary and 
University Hospital of South Manchester 


The early cortical component of the auditory evoked potential 
(AEP) is depressed in a dose-related manner by a variety of 
inhalation and i.v. anaesthetic agents and this depression is 
antagonized partially by surgical stimulation. The phenom- 
enon of stimulus antagonism suggests that the AEP may in- 
dicate the depth of anaesthesia rather than acting as a simple 
bioassay of brain anaesthetic concentration [1]. In order to 
evaluate the use of AEP as a guide to depth of sedation in the 
intensive care unit (ICU), we have studied the effect of a 
standardized stimulus (physiotherapy) on AEP in 11 
paralysed patients sedated with propofol and fentanyl. Ethics 
Committee approval was obtained and informed consent from 
relatives. 

EEG was recorded using a Navigator system (Biologic, 
U.S.A.) with frontal and mastoid electrodes. Binaural 6 Hz 
rarefraction click stimuli of 75 dB were given and 1500 
sweeps averaged for each AEP. Six consecutive bilateral AEP 
were collected (two before, two during and two after physio- 
therapy)., The ICU proved to be a hostile electronic environ- 
ment and careful positioning of equipment was necessary to 
avoid mains interference. Mean Nb latency values were 44.68 
(SEM 2.41) ms, 41.03 (2.05) ms (P < 0.05 compared with base- 
line, paired ¢ test) and 44.45 (1.89) ms before, during and 
after physiotherapy, respectively. Mean Nb amplitudes were 
0.85 (0.38) mV, —0.82 (0.46) mV and —0.69 (0.4) mV, re- 
spectively. Mean systolic arterial blood pressure and heart rate 
increased by 13mm Hg (P < 0.05) and 4 beat min“! (P < 


0.05), respectively, during physiotherapy compared with ` 


baseline values (paired t test). 

AEP can detect the reversible arousal provoked by physio- 
therapy and may have some value as a monitor of depth of 
sedation in the ICU, particularly for paralysed patients. 
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CHANGE IN END-EXPIRATORY RESPIRATORY 
VOLUME WITH THIOPENTONE OR PROPOFOL 
INDUCTION OF ANAESTHESIA 


J. S. RUTHERFORD*, M. R. LOGAN AND 
G. B. DRUMMOND 
Department of Anaesthetics, Royal Infirmary, Edinburgh 


Bergman reported a change in end-expiratory respiratory 
volume (A-EERV) when anaesthesia was induced with thio- 
pentone [1]. He studied 11 patients, four of whom were 
obese. No clear relationship between obesity and volume 
change was found, in contrast to other studies of functional 
residual capacity [2,3]. We used the method of Bergman to 
assess the relationship of the change in A-EERV to obesity 
and the influence of propofol and thiopentone. 

After Ethics Committee approval, 47 patients without overt 
respiratory disease were studied before minor gynaecological 
surgery. Patients were allocated randomly to receive propofol 
or thiopentone. Height, weight and age were recorded. A 
mask with a wide pneumatic rim (Respironics) was applied to 
the face to obtain a seal with the aid of lubricating jelly (KY). 
After placing the head in a slightly extended position, the 
patients breathed from an anaesthetic circle system, modified 
by the substitution of a water seal bell spirometer for the res- 
ervoir bag [1]. Anaesthesia was induced with a dose sufficient 
to abolish response to jaw traction given over approximately 
20 s. 

Seven patients were excluded from analysis because of fail- 
ure to maintain a mask seal or airway patency. One patient 
whose weight was 196% of that expected had a A-EERV of 
1230 ml ATPS and was treated as an outlier. In three patients 
who received thiopentone, lung volume increased. After thio- 
pentone, the mean decrease in volume was 195 (sD 214) ml (n 

= 20) and after propofol 296 (199) ml (n = 19). These values 

were not significantly different (Student’s t test). There was 
no relationship between A~EERV and age, height and obesity 
(multiple linear regression), The prompt change in respira- 
tory system volume at induction of anaesthesia is not related 
significantly to obesity or induction agent. 
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WORK OF VENTILATING HEAT AND MOISTURE 
EXCHANGERS 


R. CHUNG* AND N. C. SONI 
Magill Department of Anaesthesia, Westminster Hospital, 
London 


Heat and moisture exchangers (HIME) are considered to be 
of low resistance and therefore to add little to the work of 
breathing. The present study investigated the work of ventil- 
ating across HME. 

A lung model for spontaneous ventilation which produced 
a sinusoidal respiratory waveform was used. Work of venti- 
lation was derived using pressure and flow values measured 
across the HME [1]. The HME were progressively saturated 
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by placement downstream of a heated water bath humidifier 
ventilated by the lung model. This method of ventilation to 
and fro between humidified gas and atmosphere simulated the 
physiological saturation of a HME by patients in clinical use. 
Pressure and flow measurements were taken at 6-hourly inter- 
vals, and the work of ventilating across each HME for one 
respiratory cycle derived. 

The work of ventilating dry HME is relatively low (range = 
35-45 mJ per respiratory cycle) (Vt = 600 ml). This compares 
with the work of breathing through Magill and Bain circuits 
of 86-129 mJ, and 70-140 mJ per respiratory cycle (VT = 
500 ml), respectively [2]. The work of ventilating across 
HME, however, increases as they become saturated, in par- 
ticular as the 24-h maximum recommended period of use is 
approached. At 24h the range of work of ventilation was 
81-111 mJ. This may represent a significant additional work- 
load to some spontaneously breathing patients. 


REFERENCES 


1, Engstrom CG, Norlander OP. Acta Anaesthestologica 
Scandinavica 1962; 6: 49-55. 

2. Kay B, Beatty PCW, Healy TEJ, Accoush MEA, Calpin 
M. British Journal Of Anaesthesia 1983; 55: 1239—1246. 


IMPROVED METHOD OF ACOUSTIC REFLECTION 
TECHNIQUE FOR UPPER AIRWAY 
MEASUREMENTS 


N. J. MARAN*, I. MARSHALL* AND 

G. B. DRUMMOND 

Department of Anaesthetics, Edinburgh Royal Infirmary and 
Departments of Medical Physics and Medical Engineering, 
Western General Hospital, Edinburgh 


Impaired airway patency is a common hazard during sedation 
and anaesthesia, and may be associated with unexpected mortal- 
ity [1]. Previous studies of airway obstruction in these circum- 
stances have been restricted by the need to use invasive or 
potentially harmful methods such as manometry or radio- 
graphy. The acoustic reflection technique allows measurement 
of airway size without hazard. We have modified the tech- 
nique to be used during anaesthesia. 

An acoustic impulse is delivered through a wave tube into 
the airway. Incident and reflected waves are recorded with a 
microphone. Analysis of the incident and reflected signals 
allows a profile of the impedance changes down the airway to 
be calculated. The cross-sectional area can be derived and pre- 
sented as a plot against the distance down the airway. 

‘The original apparatus was of limited clinical value because 
the equipment was cumbersome, a mixture of helium and 
oxygen was used and the mathematical analysis was lengthy 
[2]. However, by using an acoustic impulse designed specific- 
ally, an alternative lightweight source tube may be used. 
Measurements may be made using air rather than helium mix- 
tures, and the deconvolution of the reflected signal is simpler. 
A simple flanged mouthpiece gives good signal coupling to the 
airway during anaesthesia and an automated valve system 
allows measurements to be made at chosen times during the 
natural breathing cycle. Analysis of measurements made at 
1 Hz can be done almost in “real time”. 

After validation with models of known dimensions and in 
volunteers, we studied five patients before minor surgery. 
Measurements were made with the patient awake and the 
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head in the neutral position. Maximum area was mean 3.08 (sp 
0.25) cm?. After preoxygenation, anaesthesia was induced with 
propofol 2-3 mg kg"! i.v. With the head in the neutral pos- 
ition, the area was mean 1.28 (0.26) cm?, and when the head was 
extended, the area increased to mean 1.68 (0.57) cm?. This im- 
proved method of acoustic reflectometry is a practical means 
of investigating the upper airway in anaesthetized patients. 
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A PORTABLE METHOD TO ASSESS UPPER 
AIRWAY REACTIVITY 


J. LANGTON, P. MURPHY*, P. BARKER AND 
G. SMITH 

University Department of Anaesthesia, Leicester Royal 
Infirmary 


The protective reflex of the larynx is evoked by chemical or 
mechanical stimuli via receptors thought to be located in the 
hypopharynx and larynx [1]. A chemical stimulus technique 
was described by Hoglund and Michaelsson [2] using low 
concentrations of ammonia vapour to test the laryngeal reflex. 
The vapour is introduced into the inspired air in increasing 
concentrations until it produces a transient closure of the vo- 
cal cords termed a “‘glottic stop”. We have modified this 
original technique to allow repeated measurements using port- 
able equipment. 

Low concentrations of ammonia vapour were produced 
with a mixture of 3% ammonia in nitrogen and air. A two- 
way balloon valve (BV) allowed the mixture to be directed to 
the subject or passed to an absorber constructed specially 
without the subject being aware of the change. The circuit 
was calibrated using a Bruel and Kjaer Multigas analyser type 
1302. The subject rested on a couch and wore blackened 
goggles and listened to music via a pair of headphones. A 
noseclip was applied and the subject was allowed to breathe 
through a mouthpiece via a one-way valve; the inspiratory 
flow was measured using a Gould pneumotachograph and 
recorded on a chart recorder. The deadspace from the BV to 
the subject was 48 ml. The BV was operated by the investi- 
gator so that the subject took one inspiration from the 
ammonia circuit A glottic stop was defined as a rapid de- 


TABLE IV. Mean (sp) threshold concentration of ammonia 

(NH; %) required to produce a glottic stop. A = Single measure- 

ments made on six different days; B = measurements made 
every 30 min for 4 h on one day 








NH; % NH, % 
Subject A B 
A 0.059 (0.016) 0.047 (0.011) 
B 0.064 (0.018) 0.049 (0.007) 
C 0.038 (0.015) 0.036 (0.014) 
D 0.041 (0.015) 0.047 (0.012) _ 
E 0.053 (0.013) 0.043 (0.018) ee 
F 0.053 (0.019) 0.054 (0.015) 
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crease in the inspiratory flow, the flow decreasing by at least 
25% of the peak inspiratory flow and followed by a swift 
recovery; the whole event lasted less than 0.5 s. The concen- 
tration of ammonia was increased in regular steps until the 
concentration required to produce a glottic stop was reached. 

Six healthy, non-smoking male volunteers were studied 
aged 29-34 yr and weight 72-85 kg. Subjects abstained from 
alcohol from 12:00 the previous day. Single measurements 
were made on six different days and every 30 min for 4h on 
one day (table IV). 

This technique may be useful for assessing upper airway 
reactivity in both the laboratory and the clinical environment. 
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f RELATIONSHIP BETWEEN PERIOPERATIVE 
ISCHAEMIC AND HYPOXIC EVENTS IN PATIENTS 
WITH CARDIOVASCULAR DISEASE 


N. GILL*, B. WRIGHT* AND C. S. REILLY 
Department of Anaesthesia, University of Sheffield 


Patients with cardiovascular disease undergoing surgery are 
at risk from perioperative myocardial ischaemia. Episodes of 
hypoxia are common in the postoperative period and may in- 
crease the risk of myocardial ischaemia. We have studied the 
temporal relationship between perioperative ischaemia and 
hypoxia. 

Eleven patients with cardiovascular disease (angina, 
previous myocardial infarction or treated hypertension) were 
enrolled in the study. Each patient had continuous recording 
of ECG and oxygen saturation for up to 16 h before, and up 
to 48h after operation. The ECG was recorded with a 
Compas ambulatory ECG monitor set in ST analysis mode 
[1]. Oxygen saturation was recorded every 6 s when the satur- 
ation was <90% using an Ohmeda 3700 pulse oximeter 
interfaced with a BBC computer. The internal clocks of the 
Compas monitor and BBC computer were synchronized. 

The time and duration of all ST and desaturation events 
were recorded. An ST event was defined as an episode of ST 
segment depression > 1 mm lasting > 30s. A desaturation 
event was defined as a saturation <90% for > 30s. The 
mean saturations over the 2 min before and immediately after 
each ST event were measured. The total ischaemic time and 
desaturation time were calculated for each hour of monitor- 
ing. 

” Desaturation events occurred in nine patients before oper- 
ation and in 10 patients after operation, and ischaemia in 
seven and nine patients, respectively. A total of 278 desatur- 
ation events and 237 ST events were recorded. The duration 
of ischaemia in each hour was correlated positively with the 
duration of desaturation (P < 0.001). Of the 278 desaturation 
events, 65 (23%) were associated with ischaemia. The events 
during which ischaemia occurred were significantly longer 
(mean 14.4 (range 0.5-493) min) than those with no ischaemia 
(5.5 (0.5-88) min) (P = 0.046, ANOVA). Grouping of events 
by the smallest recorded saturation demonstrated that 
ischaemia was more frequent when saturation was < 85% (P 
< 0.05, chi-square). Of the 237 ST events, 41 (17%) were 
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associated with desaturation. Only 24 (10%) were preceded 
by a saturation < 90%. The duration of ST events were cor- 
related negatively with the minimum saturation recorded 
during the event (P < 0.001). There was no correlation be- 
tween the duration of ST events and desaturation before and 
after an ST event or between duration of ST events and heart 
rate. 

In this study most ischaemic events occurred without de- 
saturation and most desaturation events without ischaemia. 
An associated ischaemic event was more likely to occur if the 
desaturation period was prolonged and if saturation was less 
than 85%. 


REFERENCE 


1. McHugh P, Parsloe M, Wyld R, Reilly CS. British 
Journal of Anaesthesia 1989 ; 63: 234P-235P. 


DIRECT EVIDENCE FOR FREE RADICAL 
GENERATION IN EXPERIMENTAL LUNG INJURY 


P. G. MURPHY, M. J. DAVIES*, D. S. MYERS* AND 
J. G. JONES 
University Department of Anaesthesia, University of Leeds 


Oxygen-derived free radicals are thought to contribute to 
acute lung injury although their extremely short half-lives 
means that there is little direct evidence of their generation 
in such circumstances. We have used spin trap electron spin 
resonance (ESR) spectroscopy to examine the production of 
free radicals in an i vivo model of acute lung injury [1]. 

After induction of anaesthesia in specific pathogen-free 
New Zealand white rabbits, the lungs were ventilated with 
oxygen enriched air through a tracheostomy. An experimental 
group (n = 6) received endotoxin 3 ug kg-) (LPS, E. coli 026: 
B6, Sigma) i.v. in isotonic sterile saline 10 ml, whilst a control 
group received only sterile saline. One hour after LPS an i.v. 
infusion of the spin trap a-phenyl N-tert-butyl nitrone (PBN) 
300 mg kg"! was given over 45 min. An aerosol of **™Tc- 
DTPA was administered after starting the infusion, and the 
changes in alveolar epithelial permeability measured before 
and after ventilation with 20, 20-ml breaths of smoke (given 
2h after LPS). Blood samples were obtained immediately 
before and for 30 min after ventilation with smoke and the 
plasma stored in liquid nitrogen before ESR analysis. 

As shown previously [1], while LPS: alone had no 
significant effect on the pulmonary clearance of *™Tc- 
DTPA, it amplified significantly the smoke-induced increase 
in epithelial permeability. Plasma ESR analysis (fig. 2) failed 
to demonstrate any evidence of radical generation after LPS 
or smoke alone. This contrasted with the LPS-pretreated 
group, in which smoke exposure induced a burst of radical 
generation (background signal noise 4-5 cm, 95 % confidence 
intervals of difference between control and LPS groups (cm): 
0.87-9.03, 2.26-7.91, 1.50-6.83, 1.03-7.37 at 1, 2, 5 and 
10 min after smoke, respectively). 

This direct evidence of radical generation, which is 
associated with functional changes in pulmonary integrity, sup- 
ports the hypothesis that oxygen-derived free radicals con- 
tribute to the evolution of acute lung injury. 
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Fia. 2. Plasma ESR analysis (mean (SEM)) after ventilation with smoke in the control (A) and endo- 
toxin (@) groups. *P < 0.05, **P < 0.01. 
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SPECTRAL ANALYSIS OF THE 
ELECTROMYOGRAM: EFFECT OF FENTANYL 


A. M. SEVERN, J. M. COOLEY, P. W. JACKSON AND 
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University Department of Anaesthesia, Manchester Royal 

Infirmary and North Western Medical Physics Department, 

University Hospital of South Manchester 


Spectral analysis of the electromyogram (EMG) has aided the 
differential diagnosis of neurological disease [1] and illumin- 
ated the mechanisms of neuromuscular block in anaesthesia 
[2]. A shift in the spectrum towards lower frequencies is a 
feature of fatigue, neuropathy, reduced conduction velocity 
and neuromuscular block. We have investigated the EMG 
changes that have been described after opioid administration 
[3]. 

Eleven patients (mean age 55 yr) were studied, and each 
was premedicated with either fentanyl and droperidol, or 
temazepam. Surface electrodes were placed on the ventral as- 
pect of the forearm. The EMG of the wrist flexors was 
recorded during a 4-s isometric contraction. After a rest 
period, fentanyl 4-7.5 pg kg! was administered, and after 
60s an identical isometric contraction was recorded. The 
signals were stored on computer disc in the form of a digit- 
ized (1000 Hz) signal and analysed with commercially avail- 
able software. The spectrum was described with reference to 
five variables: peak frequency (fmax), median peak frequency 
(mpf), those points representing upper and lower quartiles of 
amplitude (1q and uq) and area under the curye (AUC). A paired 
t test was used to compare the data before and after admin- 
istration of fentanyl. A control group of similar age who 
received no premedication or fentanyl was examined also. 

‘There was no significant difference in AUC (expressed as a 
ratio) between the test and control group (1.13 vs 1.008). 
Spectral analysis showed a shift to lower frequencies (i.e. a 
reduction in mpf, lq and uq) (table Y). It is possible that this 


TABLE V. Effect of fentanyl on the shape of the EMG 

spectrum. fmax = Peak frequency; mpf = median peak frequency; 

lq and uq = upper and lower quantiles of amplitude. n = 12 

(1 patient was studied twice). Values are mean (SEM) (Hz). 
**P < 0.01, ***P < 0.001 


fmax mpf lq uq 
Before fentanyl 99 155 86 260 

(14.3) (11.6) (7.2) (13.8) 
After fentanyl 88 147 81 248 

(15.9) (12.7) (7.1) (16.0) 
Frequency 11 8** HARK 12.4k 


reduction 


is an opioid specific action but the possibility that it is a non- 
specific feature of sedation cannot be ruled out. 
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VIDEO SURVEILLANCE OF OXYGEN 
ADMINISTRATION BY MASK IN POSTOPERATIVE 
PATIENTS 


K. M. NOLAN*, M. J. BAXTER*, J. A. WINYARD*, 

C. J. ROULSON* AND D. R. GOLDHILL 

Ths Anaesthstics Unit, The London Hospital Medical College 
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Patients may become hypoxsemic in the 24 h after abdominal 
surgery [1] and supplementary oxygen can prevent these epi- 
sodes of hypoxia [2]. Oxygen by face mask is prescribed com- 
monly but the face mask does not always remain positioned”? 
properly. In this study, overnight video surveillance was used 
to record mask position and the events that resulted in its 
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TABLE VI. Reasons for mask removal 





Mouth Temp. Patient Other Fell Vomit/ 

care obstruction removal care off retch 
No, times 21 16 12 8 5 2 
mask off 


displacement. Associated changes in arterial oxygen satur- 
ation were determined by pulse oximetry. 

Twenty ASA I-III patients (seven men), mean age 57.3 yr 
(range 39-78 yr) and mean weight 70.7 kg (range 50-95 kg) 
undergoing elective abdominal surgery were studied. Anaes- 
thetic technique and postoperative analgesia were not standard- 
ized. Oxygen by Hudson face mask at 4 litre min`? was pre- 
scribed for all patients after operation. Correct placement of 
the mask was confirmed at the start of the 8-h study period 
from 22:00 on the first night after operation. The nursing 
staff were unaware of the purpose of the study. The video 
camera operated in ambient light and was used to record the 
patient’s face, oxygen mask position and time as indicated by 
a clock within the field of view. Arterial oxygen saturation 
readings were recorded on to a computer every 15 s from an 
Ohmeda 3700 pulse oximeter. A note was made of the dose 
and timing of administration of postoperative analgesia and 
the patient’s subjective assessment of the comfort of the mask. 
The following were determined from review of the video 
recordings: the number of times the mask was removed or 
replaced and the associated events; the length of time for 
which the mask was on or off; changes in arterial oxygen satur- 
ation with alterations in mask position. 

The mask remained on continuously and positioned prop- 
erly in only one patient (table VI). In the other 19 patients it 
was removed a total of 64 times (range 1-10 times per patient) 
and remained off, in total, for an average of 1 h 56 min 22 s 
per patient (range 1 min 0 47h 46 min 57 s). Mask removal 
resulted in an average decrease in oxygen saturation of 4% 
(range 0.5 to —12.5%). Average oxygen saturation with the 
mask on was 96 (85.9-99.6)% and with the mask off 91 
(82.4~-98.2) %. Oxygen saturation was < 89% for an average 
of 1h 4min 3s and the mask was off for 72% of the time 
whereas oxygen saturation was > 95% for an average of 5h 
10 min 19 s and the mask was off for only 2% of this time. 
Two patients had an average saturation less than 95% with 
the mask on (85.9 and 91.2%) but these values were greater 
than the average values with the mask off (82.5 and 85.9 %). 
Four patients had an average oxygen saturation > 95% with 
the mask off but in all cases the average saturation was greater 
still with the mask on. 

Many patients prescribed continuous mask oxygen in the 
postoperative period will receive only intermittent therapy. In 
this study oxygen by mask at 4 litre min“! increased oxygen 
saturation and maintained an average saturation 295% in 
most but not all of the patients. To minimize postoperative 
hypoxaemia, improved staff education or an alternative 
method of oxygen administration is indicated. 
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MEASUREMENT OF ENERGY EXPENDITURE IN 
CRITICAL ILLNESS USING #C LABELLED 
BICARBONATE 
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C. GREEN* AND I. T. CAMPBELL 


Intensive Therapy Unit, Royal Liverpool Hospital and Europa 


Scientific, Crewe. 


The measurement of energy expenditure (EE) in hospital 
patients is performed normally using indirect calorimetry. 
This is a cumbersome technique and where ventilation is con- 
trolled artificially there are problems with oxygen consump- 
tion measurement at a high Fip,. The use of '*C-sodium bi- 
carbonate to measure carbon dioxide production (Vco,) and 
thus EE involves only an i.v. infusion and collection of ex- 
pired air [1], although the technique could present problems 
in critically ill patients because of metabolic disturbances. 
Measurements of Vco, have been made in critically ill 
patients using labelled 1*C-sodium bicarbonate and the results 
compared with Vco, and EE measured using an Engstrom 
Metabolic Computer (EMC, Gambro Engstrom, Bromma, 
Sweden) [2]. 

Nine critically ill patients (ventilation controlled artificially 
and fed parenterally) received 99% 1*C-sodium bicarbonate 
5 pmol min`? i.v. for 8h, (one patient on two occasions). Ex- 
pired air was collected from the exit port of the ventilator 
(Engstrom Erica) before infusion and thereafter hourly 
throughout the study. Vco, and Vo, were measured continu- 
ously over the same period using the EMC. 

In all patients 13CO, recovery had stabilized by 6 h. CO, 
recovery at 6-8 h was 51.7-69.8% (median 62.2%, mean 
61.6%). The mean recovery was used to calculate Vco, from 
the infusion results. Mean (sD) RQ over the 8-h infusion 
period measured using the EMC was 0.80 (0.07) and this 
value was used to calculate Vo, and EE from the Vco, results 
of the 1*C-sodium bicarbonate infusion. Estimates of Vo, 
from the bicarbonate infusion differed from the EMC value 
by 9.5 to —13.2 (median 2.9)% and estimates of EE by 
—10.7 to 8.8 (median —3.7)%. 

In conclusion, *CO, recovery in critical illness appears to 
be lower than in normal individuals [1]. It is easy to institute 
technically by the bedside and as a means of measuring BE it 
appears to be comparable in accuracy to short-term indirect 
calorimetry measurements [3]. 


REFERENCES 


1. Elia M, Fuller N, Murgatroyd P. Procesdings of the 
Nutrition Society 1988; 47: 247-258. 

2. Regan CJ, Snowdon SL, Campbell IT. Critical Care 
Medicine 1990; 18: 871-877. 

3. Green CJ, Philips B, McClelland P, Campbell IT. 
Procesdings of the Nutrition Society 1990; 49: 185A. 


ENOXIMONE DURING CORONARY BYPASS 
SURGERY 
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AND C. PRYS-ROBERTS ; 
Sir Humphry Davy Department of Anaesthesia, Bristol Royal 
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Pharmacological or mechanical support of the circulation is 
required in many patients in the period of weaning from cardio- 
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TABLE VII. Mean cardiac function indices before cardiopulmonary bypass (CPB), 5, 10 and 30 min after 
bypass, after sternal closure (Closure) and 2h after the end of surgery (ITU). CI = Cardiac index; 
PCWP = pulmonary capillary wedge pressure; SVRI = systemic vascular resistance index 


Before CPB 5 min 


CI (litre min™? m~?) 


Enoximore 2.29 

Saline 2.20 
PCWP (mm Hg) 

Enoximore 13.1 

Saline 14.1 
SVRI (dyn s cm™ m?) 

Enoximore 3225 

Saline 2997 


pulmonary bypass. Enoximone is a phosphodiesterase inhibi- 
tor which may have a role in the management of post-bypass 
cardiac impairment, particularly in those patients with pre- 
existing cardiac dysfunction [1, 2]. 

Sixteen consecutive patients with cardiac ejection fraction 
less than 0.5 undergoing coronary bypass grafting were allo- 
cated to one of two groups. Anaesthesia was induced with 
fentanyl, thiopentone, pancuronium and halothane. On 
removal of the aortic cross-clamp, patients were given either 
enoximone 0.5mgkg™! and an infusion of enoximone 
10 pg kg! min“! or saline, in a double-blind manner. After 
weaning from cardiopulmonary bypass, inotropic support 
was used at the discretion of the consultant anaesthetist. 
Cardiac output, systemic and pulmonary arterial pressures, 
left pulmonary capillary wedge pressure (PCWP) and right 
central venous pressure (CVP) were measured before cardio- 
pulmonary bypass, at 5, 10 and 30 min after bypass, after 
sternal closure, and 2h after the end of surgery. Cardiac 
index (CI) and systemic and pulmonary vascular resistance 
indices (SVRI and PVRI) were calculated using standard 
formulae. 

Patients administered enoximone tended to have a higher 
CI and smaller PCWP and SVR values but this did not reach 
statistical significance (table VII). Six patients in the saline 
group and one in the enoximone group subsequently required 
inotropic support (P = 0.04, Fisher exact test). 
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HAEMODYNAMIC AND OXYGEN TRANSPORT 
EFFECTS OF ISOFLURANE AS SEDATION IN 
VENTILATED PATIENTS IN THE INTENSIVE 
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Department of Anaesthetics, Charing Gross and Westminster 
Medical School, Charing Cross Hospital, London 


Isoflurane may be a suitable alternative for sedation of ven- 
tilated patients in intensive care [1] when combined with an 
opiate for analgesia. Although isoflurane causes myocardial 


10min 30min Closure ITU . 
4.12 4.44 3.84 3.29 3.81 
3.07 3.58 3.26 2.88 2.64 
10.1 9.4 8.8 8.8 9.5 
15.0 14.6 14.3 14.3 10.3 
1142 1072 1142 1482 1494 
1703 1549 1893 2126 


1594 


depression in some patients in anaesthetic concentrations [2], 
its effect on haemodynamic and oxygen transport variables in 
patients with septicaemia or treated haemorrhage in sub- 
anaesthetic doses (< 0.6 vol% ) has not been investigated. 

We studied the following variables: cardiac index (CI), 
mean arterial pressure (MAP), left ventricular stroke work 
index (LVSWI), systemic vascular resistance (SVR), mean 
pulmonary artery pressure (PA), pulmonary vascular resist- 
ance (PVR), oxygen delivery (Do,), and oxygen consumption 
(Vo,), using a pulmonary artery flotation catheter in 12 
cardiovascularly stable patients with septicaemia or treated 
haemorrhage (mean age 53 yr, range 18-75 yr). Isoflurane was 
administerd in a stepwise manner (0, 0.2, 0.4, 0.6 vol% iso- 
flurane in an air, oxygen mixture). Alfentanil 2.2 pg kg! 
min} was used for analgesia. Expired carbon dioxide and 
inspired and expired isoflurane concentrations were monitored 
using a Datex Capnomac TM anaesthesia gas monitoring 
system. Statistical analysis was by one-way ANOVA. 

Table VIII shows the results of haemodynamic and oxygen 
transport measurements. 

We conclude that isoflurane in subanaesthetic concen- 
trations causes mild myocardial depression with significant 
effects on MAP and LVSWI but little effect on Do,. The 
significant reduction in Vo, at 0.6% vol% may be a reflection 
of less oxygen requirement as a result of a deeper level of 
sedation. 
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DOSE REQUIREMENTS OF NEOSTIGMINE FOR 
ANTAGONISM OF VECURONIUM 
NEUROMUSCULAR BLOCK IN THE ELDERLY: 
COMPARISON WITH ADULTS 


G. McCARTHY, C. STANLEY, R. COOPER, 

P. ELLIOTT AND R. K. MIRAKHUR 

Department of Anaesthetics, The Queen’s University and The 
Royal Victoria Hospital, Belfast . 


The duration of action of vecuronium is prolonged in elderly 


subjects [1]. It is, however, not clear if this effect hag any 77 


influence on the dose requirements of neostigmine for antag- 
onism of neuromuscular block. The present study was 


+, 
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TABLE VIII. Haemodynamic and oxygen transport measurements after administration of isoflurane. 
Values are mean (SEM). *P < 0.05; ** P < 0.01 


Isoflurane (vol %) 





0 
CI (litre min™ m~’) 4.6 (0.24) 
MAP (mm Hg) 90 (4.3) 
LVSWI (g mm“) 57 (6.4) 
SVR (dyn 8 cm7 m7?) 1397 (84) 
PA (mm Hg) 25 (2.3) 
PVR (dyn 8 cm™ m~’) 204 (29) 
Do, (ml min-! m~?) 716 (59) 
Vo, (ml min“! m~”) 151 (8.1) 


designed to assess the dose requirements of neostigmine in 
the elderly. 

Thirty-six elderly patients aged 70 yr or more and 36 adult 
patients aged 18-50 yr were recruited into the study. Patients 
were anaesthetized with thiopentone 3-5 mg kg", fentanyl 
1-3 pg kg", 70% nitrous oxide in oxygen and halothane 
1.5 MAC (end-tidal), and the lungs ventilated to normocarbia. 
The ulnar nerve was stimulated at the wrist with supra- 
maximal stimuli of 0.2 ms duration, in a train-of-four (TOF) 
mode at 2 Hz every 108 and the force of contraction of the 
adductor pollicis measured and recorded. 

After stabilization of control responses, patients received 
vecuronium 0.08 mg kg™! as a single bolus and the time to 
recovery of the first response in the TOF (TI) to 10% of 
control value was noted. At this point six patients in each of 
the two age groups were allocated randomly to receive neo- 
stigmine 5, 15, 25, 35 or 45 ug kg"; or saline, all made up to 
a volume of 5 ml. TOF responses were recorded continuously 
over the next 10 min. The study was terminated at this stage 
and more neostigmine administered and/or ventilation con- 
tinued until satisfactory recovery. Dose-response curves were 
constructed after linear regression of the arcsine transform- 
ation of the response on the log of the dose and the estimated 
dose of neostigmine to produce a TOF of 70% (ED,,-TOF) 
at 5, 7 and 10 min calculated. 

The results are summarized in table IX. Time for the re- 
turn of T1 to 10% was longer in the elderly subjects (P < 
0.05). The ED,,-TOF was significantly greater at all times 
in the elderly compared with the adult patients (P < 0.05). 
The dose requirements of neostigmine decreased in both 


Tass LX. Dose requirements of neostigmine (mean (SD) [95% 
confidence limits]). *P < 0.05 compared with adult patients 


Adult Elderly 
patients patients 
n 36 36 
Age (yr) 32 (11) 78 (6) 
Time to 10% recovery 
of Ti (min) 24 (5.5) 33 (7.8)* 
ED,,-TOF (ug kg?) 
5 min 41 [31-56] 58 [44-75]* 
7 min 30 [23-38] 42 [(34-52]* 
10 min 19 [14-25] 31 (26-37}* 








0.2 0.4 0.6 
4.9 (0.26) 4.7 (0.27) 4.3 (0.26)* 
83 (3.9)* 81 (4.1)* 76 (3.8)** 
58 (6.4) 50 (5.6)* 45 (5.0)* 
1238 (88)* 1340 (114) 1316 (127) 
23 (1.3) 24 (3.0) 22 (1.4)* 
187 (17) 218 (31) 184 (21) 
759 (64) 704 (64) 660 (67) 
151 (8.8) 139 (9.2) 136 (11.0)* 


groups if more time was allowed for antagonism of block, sug- 
gesting the importance of concurrent spontaneous recovery 
from a vecuronium-induced block during antagoniam with 
neostigmine. The requirement of more neostigmine in the 
elderly may be the result of a slower spontancous recovery 
from vecuronium in this age group. 
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USE OF MIVACURIUM CHLORIDE BY CONSTANT 
INFUSION IN THE ANEPHRIC PATIENT 


B. J. PHILLIPS AND J. M. HUNTER 
University Department of Anaesthesia, University of Liverpool 


The new short-acting non-depolarizing neuromuscular 
blocking agent, mivacurium, is thought to be metabolized by 
plasma cholinesterase [1]. Thus clearance from the body 
should be independent of the kidney. We compared the 
pharmacodynamic effects of this drug in anephric patients 
with a healthy control group. 

Ten anephric and 10 healthy patients with normal renal 
function were studied. In each patient, pseudocholinesterase 
activity and dibucaine number were checked before opera- 
tion. The patients were premedicated with diazepam 10 mg 
orally. Anaesthesia was induced with midazolam 0.05 mg kg™}, 
fentanyl 1.0-2.0 ug kg! and thiopentone 3.0-5.0 mg kg! and 
maintained with 70% nitrous oxide in oxygen whilst two i.v. 
infusions were established in one arm and electromyographic 
(EMG) monitoring in the other, using a Medelec MS6 and 
train-of-four (TOF) stimuli to the ulnar nerve at the wrist. 
After control readings of TOF had been obtained, miva- 
curium 0.15 mg kg! was administered into a dedicated in- 
fusion. When the first of the TOF (T1), had returned to 5% 
control (TO), a constant infusion of mivacurium 
10 ug kg? min™! was started. Increments of midazolam and 
fentanyl were given as indicated clinically. The height of 
T1/TO was measured every 3 min and the infusion rate ad- 
justed in 1-yg kg} min“! increments to maintain T1/TO = 
5%. At the end of surgery the mivacurium infusion was dis- 
continued and when T1/TO had reached 20%, neostigmine 
0.035 mg kg™! and atropine 0.015 mg kg! were administered. 
TOF monitoring was continued until T1/TO and the TOF 
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TABLE X. Mean (SD) pharmacodynamic recovery data in 
anephric and healthy subjects. *P < 0.05; **P < 0.01 


Anephric Healthy 
subjects subjects 
5% T1/TO (min) 14,9 (7.6) 9,3 (2.7)* 
Infusion rate 6.0 (1.1) 10.5 (2.0)** 
(pg kg? min-*) 
20% T1/TO (min) 74(4.4) 9.0 (4.3) 
75% T1/TO (min) 5.5 3.1) 5.4 (2.7) 
70% T4/T1 (min) 5.6 (2.9) 8.2 (4.0) 


ratio (T4/T1), had reached 75 % and 70 %, respectively. Vari- 
ables in the two groups were compared using the Mann- 
Whitney U test. 

There was no significant difference between the two groups 
in the maximum block achieved after administration of the 
bolus dose of mivacurium, or in the time to maximum block 
(table X). 

The mean pseudocholinesterase activity in the anepbric 
group was 608 (range 379-894) iu litre™? and in the healthy 
group, 682 (range 527-998) iu litre"! (ns). 

Patients in chronic renal failure may be more sensitive to 
mivacurium, possibly as a result of an acquired decrease in 
plasma pseudocholinesterase although decreased renal clear- 
ance cannot be ruled out. 
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AN IN VIVO PHARMACODYNAMIC MODEL FOR 
STUDYING THE EFFECTS OF MUSCLE 
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ANALYSIS OF THE SHAPE OF THE 
LARYNGOSCOPE BLADE 


R. R. D. MARKS*, G. A. G. GRICE* AND 
P. CHARTERS 


Department of Anaesthesia, Walton Hospital, Liverpool 


In 1944 Macintosh wrote: “the precise shape or curve of the 
blade does not seem to matter much provided the tip does not 
go beyond the epiglottis” [1]. This question does not appear 
to have been studied systematically. Normal laryngoscopy re- 
quires forward displacement of the hyoid by the tip of the 
laryngoscope blade [2]. A mathematical model describing in- 
tubation suggests that optimum view depends on appropriate 
head and neck positioning and also having the mouth closed 
around the blade [3]. In figure 3, I represents the tip of the 
upper incisors and T a point just above the vocal cords where 
the tip of the blade should lie. In an optimal situation, point 
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Fic. 3. Relevant angular measurements for idealized straight 

and curved blades. The incisor surface of each blade is to the 

left. EIT, the eyeline angle, may be zero (as shown for the 

straight blade) or positive. MIT may be either positive or 

negative depending on whether M is to the right or left of IT. 
(See text for explanation of reference points.) 


X on IT lies opposite the midpoint of the mandible and 
XT/IT = 2/3; M lies on a perpendicular from X at the 
tongue surface of the blade. Angle EIT is a measure of eyeline 
displacement and MIT refiects that part of the blade which 
appears to encroach on the forward space immediately behind 
the mandible. (This space is an important limiting factor in 
difficult laryngoscopy.) 

Accurate drawings of standard laryngoscope blades were 
made and checked until faithful reproductions were con- 
firmed. From these images variations in angles EIT and MIT 
were studied relative to depth of blade insertion by keeping 
T constant and changing IT to different positions for I along 
the incisor surface of the blade. 

With straight blades, the eyeline angle EIT remains small, 
but beyond a certain depth of insertion, the curved blade 
eyeline angle increases progressively. MIT remains positive 
for straight blades while a curved shape allows MIT to 
become negative in the clinically important regions. This effec- 
tively increases the forward space and counters the adverse 
effect of the curve on the eyeline. 

Our work indicates the relevance of the shape of the laryn- 
goscope blade and how blades may be compared. 
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GASTRO-OESOPHAGEAL REFLUX AND TRACHEO- 
BRONCHIAL CONTAMINATION IN THE 
INTENSIVE CARE UNIT 
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A. J. MCSHANE 

Department of Anaesthesia, St Vincent’s Hospital, Dublin 


The presence of a cuffed tracheal tube does not guarantee pro- 
tection of the airway from gastro-cesophageal reflux [1]. Pre- 
vious studies using dyes have evaluated the incidence of 
passage of fluid material from the pharynx into the trachea in 
the presence of a cuffed tube. These studies were subject to 
certain limitations. The evaluation was intermittent and did 
not take into consideration m vive events such as vomiting or 
silent reflux, and did not give any indication of the pH of the 
material aspirated [2]. We studied patients in the intensive 
care unit (ITU) whose tracheag were intubated for a mini- 
mum of 24h, using methods which allowed simultaneous 
measurement of oesophageal and tracheal pH in a continuous 
fashion. 

After local Ethics Committee approval and informed con- 
sent were obtained, 20 patients whose tracheas were intubated 
orally were studied in the ITU. Oesophageal and tracheal pH 
were measured simultaneously and continuously using fine 
probes with antimony electrode tips connected to a Digi- 
trapper (Synectics, Sweden) [3], which recorded the pH 
values for subsequent computer analysis. The tracheal probe 
was passed in a specially prepared tracheal tube so that the 
tip of the probe projected 1.5 cm from the tip of the tube. 
‘The oesophageal probe was passed nasally into the stomach 
and withdrawn so that the tip was 30 cm from the anterior 
nares. 

Continuous pH monitoring on both channels was carried 
out for an average of 20h in the ITU, during which time 
other events such as position changes, suctioning and drug 
administration were noted also. Tracheal cuff pressures were 
measured every 2h. Patient follow-up continued for 5 days 
for evidence of pulmonary complications. 

Significant episodes of gastro-oesophageal reflux (pH 4) 
were recorded in 11 patients (55%). Significant tracheal acid 
contamination occurred in six patients (30%), and four of 
these went on to develop pulmonary complications. Cuff 
pressures were in the recommended range in five of six 
“patients who developed acid tracheal contamination. 

Patients in the study received medications aimed at pre- 
venting stress ulceration, at the discretion of the treating 
physician. Eleven patients received sucralfate, five received 
histamine H, antagonists and four had no treatment. Five 
of the six patients with tracheal contamination were in the 
sucralfate group, whereas none of the patients receiving H, 
antagonists and one of the non-treated group had tracheal 
contamination. 

This study showed that gastro-oesophageal reflux is a fre- 
quent occurrence in ITU patients and that the presence of a 
cuffed tracheal tube does not guarantee protection of the 
lungs from acid contamination. Furthermore, tracheal 
contamination is associated with a high incidence of pulmon- 
ary complications. Drugs used to modify gastric pH may 
influence the incidence and severity of these episodes. 
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CUFFED TRACHEAL TUBES FOR PAEDIATRIC 
CARDIAC SURGERY CAUSE A LOW INCIDENCE 
OF POSTOPERATIVE AIRWAY PROBLEMS 


C. MALMROS* AND R. FLETCHER 
University Hospital, Lund, Sweden 


The use of cuffed tracheal tubes in paediatric anaesthesia is 
considered to be inadvisable. The principal concern is that 
cuffed tubes may damage the tracheal mucosa, causing 
swelling after extubation [1], and possibly stricture in the 
long term. However, the use of cuffed tubes during controlled 
ventilation allows monitoring of expired gas volumes, airway 
pressures and expired carbon dioxide which is particularly 
important during paediatric heart surgery. It also eliminates 
leaks when airway pressures are high. We present a 
retrospective review of post-extubational events in 304 chil- 
dren undergoing 330 elective cardiac operations at this hos- 
pital during the period 1986-1990. 

We examined the intensive care unit records of all children 
younger than 5 yr admitted to the cardiac surgical intensive 
care unit; the trachea was intubated with Mallinckrodt 
(chiefly) or Portex cuffed tubes in all patients. The duration 
of intubation and occurrence of post-extubational airway prob- 
lems were noted. 

Two hundred and twenty-five children were younger than 
lyr, 56 were 1-2 yr, and 49 were 24 yr. Steroids were 
administered before extubation in 50% of cases. The trachea 
was intubated for less than 24h in 231 children (67%), for 
24-48 h in 78 (26%), for 48-72 h in 12 (4%), and for longer 
in nine (3%); the maximum was 16 days for one ene 

Transient post-extubational stridor not 
intubation was noted in 10 children (3%). In 13 adren 
the trachea was reintubated because of cardiac or respiratory 
failure, or aspiration while feeding. Only two children (0.3 %) 
needed reintubation because of upper airway problems, but 
the trachea was extubated successfully the same day. 

No upper airway problems suspected of being associated 
with previous intubation have been seen by either of the two 
University ENT departments in this region, or by the 
regional paediatric cardiologists responsible for follow-up in 
any of these children. 

Our survey suggests that using cuffed tracheal tubes in paedi- 
atric cardiac surgery is not associated with clinical airway 
damage. There are several reasons for using cuffed tubes in 
paediatric cardiac surgery; improved monitoring, guaranteed 
ventilation, and the ability to use positive end-expired press- 
ure. Their chief drawback is the need to choose a slightly 
smaller tube than with uncuffed tubes, which makes tracheal 
suction more difficult. 
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POSTOPERATIVE ANALGESIA BY INFUSION OF 
LOCAL ANAESTHETIC INTO THE RECTUS 
SHEATH 


D. WATSON’, I. K. FARQUHAR, A. R. DENNISON®, 
J. COLE*, A. WATSON* AND S. McALLISTER* 
University Department of Anaesthetics, University of 
Nottingham and Department of Anaesthetics, Royal 
Hallamshire Hospital, Sheffield 


Upper abdominal surgery is associated with postoperative 
pneumonia [1]. Therefore it is important to minimize the 
deterioration in respiratory function that occurs after opera- 
tion. The technique of “rectus block” has been described 
previously [2]. One of the authors (I.F.) has used this tech- 
nique successfully in patients undergoing surgery via an 
upper-midline incision, obviating the use of i.m. opioids for 
up to 8h after surgery. Therefore, we performed a double- 
blind randomized trial of continuous rectus sheath block 
(CRSB). 

After Ethics Committee approval, 20 patients undergoing 
elective surgery via an upper-midline abdominal incision gave 
informed consent to the study. At the end of the surgical pro- 
cedure an extradural catheter was introduced into the pos- 
terior aspect of each rectus sheath. The patients received bi- 
lateral rectus sheath infusions of either 0.9% saline or 0.1% 
bupivacaine in 0.9% saline after operation, at a total rate of 
42 ml h`! for a period of 72 h. Analgesia was assessed by con- 
sumption of morphine delivered by a patient-controlled an- 
algesia system. The patients were assessed before operation 
and at 24, 72 and 120h after surgery for FEV,, FVC, PFR 
and a composite “co-operation with physiotherapy” score. 


BRITISH JOURNAL OF ANAESTHESIA 


Data on respiratory function and total morphine usage over 
the first 72-h period before operation were analysed by un- 
paired r test. The postoperative FVC, FEV, and PFR data 
were expressed as percentages of preoperative values. FVC, 
FEV, and PFR data were analysed by repeated measures 
ANOVA in SPSS. Values from each set of postoperative obser- 
vations were subjected by group to an unpaired ¢ test. The 
overall physiotherapy score data were analysed using the 
Mann-Whitney U test. 

There were no significant differences in patient character- 
istics or preoperative measurements between the groups. 
There was a significantly smaller morphine requirement over 
the 3-day period in the treatment group (mean 40.5 (sD 
12.2) mg and 108.4 (23.7) mg). The 95 % confidence interval 
for the difference ranged from 50.2 to 85.5 mg (P < 0.0001). 
FVC, FEV, and PFR showed significantly less impairment of 
respiratory function in the treatment group for the study 
period as a whole (ANOVA, all values P < 0.001) and at each 
individual assessment (t test, all values P < 0.01) (fig. 4). The 
treatment group had a significantly better co-operation with 
physiotherapy score at 24h after surgery (P < 0.05). 

The technique of CRSB provides continuous analgesia 
from the immediate postoperative period onwards. It was not 
associated with untoward effects on arterial pressure and it 
ameliorates significantly the decrease in respiratory function 
thet occurs in the postoperative period, an improvement 
which persists for 2 days after cessation of the infusion. 


REFERENCES 


1. Garibaldi RA, Britt Mr, Coleman ML. American Journal 
of Medicine 1981; 70: 677-680. 

2. Bryce-Smith R. Local analgesia of the trunk. In: Lee JA, 
Bryce-Smith R, eds. Practical Regional Analgesia. Amster- 
dam: American Elsevier, 1976; 93-95. 


PAIN RELIEF AND HYPOXAEMIA DURING 
ADMINISTRATION OF EXTRADURAL FENTANYL 
BY THREE DIFFERENT METHODS 


M. T. KLUGER*, A. H. ILSLEY®*, J. L. PLUMMER*, 
A. M. BALDWIN* AND H. OWEN 

Department of Anaesthesia and Intensive Care, Flinders 
Medical Centre, Australia 


Postoperative hypoxaemia is well documented although the 
effects of different methods of administration of analgesic 
have not been fully evaluated [1]. We examined the clinical 
efficacy and potential adverse respiratory effects of three 
different methods of administration of extradural fentanyl 
after elective upper abdominal surgery. 

Patients gave informed consent and were allocated 
randomly to receive a fixed-rate infusion of fentanyl 50 pg h~! 
plus nurse supplemented boluses of 25 ug PRN (group 1, 2 
= 15), patient-controlled analgesia (PCA) with fentanyl] 25 pg 
demand dose and a 15-min lockout interval (group 2, n = 11) 
or PCA (as for group 2) supplementing an infusion of fen- 
tanyl 50 pg h`! (group 3, n = 16). All patients had continuous 
pulse oximetry (SPo, logged to a computer every 108) for 
48 h. In addition, pain and sedation scores and unstimulated 
ventilatory frequency were measured hourly. Groups were 


compared by Kruskal-Wallis tests and associations examined Py 


by Spearman’s rank correlation. The Wilcoxon signed rank 
test was used for paired data. 
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There was no difference between the groups in mean age, 
weight, height and type of surgery. Group 2 received sig- 
nificantly less fentanyl (mean 1865 ug/48 h) than group 1 
(2607 ug) and group 3 (3104 pg) (P < 0.05), although there 
were no significant differences in the sedation or pain scores 
among the three groups. Significantly greater desaturation (% 
time below 94%) was observed in group 1 on day 1 than 
groups 2 and 3 (P < 0.05), although there was no correlation 
between mean Spo, and dose of fentanyl. Finally, hypoxaemia 
was significantly worse on day 2 compared with day 1 in all 
groups (P < 0.05) (fig. 5). 

Despite very different dose rates, the three techniques of 
administration of extradural fentanyl provided comparable 
analgesia, although supplementation of an infusion with 
boluses administered by nurses led to the highest incidence 
of hypoxaemia. The failure to demonstrate an association be- 
tween dose of fentanyl and mean Spo, worsening of Spo, 
values on day 2 and lack of difference in Spo, on day 2 among 
the three groups may suggest factors other than extradural 
fentanyl analgesia make a more significant contribution to 
postoperative hypoxaemia. 
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PHARMACOKINETICS OF ALFENTANIL IN 
BURNS PATIENTS 


A. G. MACFIE*, A.D. MAGIDES AND C. S. REILLY 
Department of Anaesthesia, University of Sheffield 


The disposition of drugs may be altered following a thermal 
injury as a result of changes in binding capacity and volume 
of distribution. These are caused by changes in plasma pro- 
tein concentrations after a burns injury including a fall in 
plasma albumin and an increase in acute phase reactant 
proteins such as o,~acid-glycoprotein (AAG) [1]. Alfentanil is 
bound highly to plasma proteins (> 90%), mainly to AAG 
(2]. The disposition of alfentanil in burns patients has not 
been described. 

After Ethics Committee approval and written informed 
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TABLE XI. Pharmacokinetic variables in the burns and control 
groups. Mean (SEM) 








Burns Control 

group group P value 
AAG (mg di’) 186 (10) 94 (9 0.004 
% of bound alfentanil 94.2 (0.5) 90.7(0.4) 0.004 
CI (ml min~!) 125 (32) 256 (12) 0.005 
™ (litre) 12.5 (0.8) 23.8 (1.3) 0.001 
3 (min) 305 (50) 191 (11) 0.074 

lu (ml min’) 21.6 (8) 29.3 (3) 0.07 


consent, the disposition of alfentanil was studied in six 
patients with burns injuries (10-30% full thickness burns 
sustained 5-20 days previously) undergoing debridement and 
grafting, and six control patients, matched for age, sex and 
weight, undergoing elective body surface surgery. All patients 
received temazepam 20 mg orally 1 h before surgery. Anaes- 
thesia was induced with thiopentone and muscle relaxation 
was achieved with vecuronium 0.1 mg kg™!. The trachea was 
intubated and the lungs ventilated with 66% nitrous oxide 
and 0.5-1% isoflurane in oxygen. ECG, oxygen saturation 
and end-tidal carbon dioxide were measured continuously 
and arterial pressure (non-invasive) every 3min. After 
induction, a bolus dose of alfentanil 50 ug kg iv. was 
administered. Blood samples for measurement of plasma con- 
centrations of alfentanil were obtained at 0, 2, 5, 10, 15, 30, 
60 and 90 min, and at 2, 3, 4, 6, 7 and 8h and for AAG 
concentration and binding at 0, 1 and 8h. The pharmaco- 
kinetic variables were calculated using a non-compartmental 
mode] to derive AUC, AUMC, clearance (C), V™ and elimi- 
nation half-life (71). Data were analysed using ANOVA 
(SPSSX PC) and P < 0.05 was taken as significant. 

The burns patients had significantly greater concentrations 
of AAG and significantly smaller concentrations of albumin. 
The percentage of bound alfentanil was significantly greater 
in the burns group. Total CI and V™ were decreased in the 
burns group (P < 0.05) (table XI). Clearance of the unbound 
fraction (Ci,,,) was not decreased significantly. 
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PATIENT-CONTROLLED ANXIOLYSIS WITH 
PROPOFOL 


R. W. URE, S. J. DWYER, C. E. BLOGG* AND 

A. P. WHITE 

Nuffield Department of Anaesthetics, John Radchffe Hospital, 
Oxford 


To avoid excessive postoperative sedation and possibly 
delayed discharge from hospital, it is common practice not to 
offer anxiolytic premedication to day surgery patients. How- 
ever, a significant number of these patients would like to re- 
ceive anxiolytic therapy [1]. 

Successful use of a patient-controlled analgesia (PCA) sys- 


658P 


BRITISH JOURNAL OF ANAESTHESIA 


TABLE XII. Mean (SD) anxiety (LASanx), sedation (LASsed) and affect adjective checklist (MAACL) scores and cumulative 
number of boluses of drug delivered and demands made in the propofol and placebo groups as assessed by the patient (P) and inves- 
tigator (I), 0, 15 and 30 min before induction of anaesthesia. *P < 0.05 


LASanx LASsed 
Cumulative Cumulative 
MAACL P I P I boluses demands 
Propofol (n = 20) 
O min © 23.8 (2.9) 67.6 (18.0) 58.3 (20.7) 15.5 (22.1) 3.9 (5.1) — — 
15 min 15.2 (5.6)* 42.9 (19.1)* 37.5 (16.9) 41.8 (24.9)* 12.4 (17.0) 2.1 (1.0) 3.5 (5.2) 
30 min 13.2 (5.7)* 36.2 (26.8)* 28.9 (17.0) 49.7(27.7)* 15.5 (16.3) 3.6 (1.7) 5.5 (6.8) 
Placebo (n = 20) 
0 min 22.4 (4.5) 50.5 (21.0) 52.6(18.7) 16.7 (20.3) 4.1 (6.2) — — 
15 min 18.3 (4.8)* 39.2 (19.1)* 39.2 (20.6) 24.0 (23.6)* 10.0 (12.7) 1.9 (0.9) 2.9 (2.9) 
30 min 17.6 (5.5)* 39.2 (22.4)* 35.6 (24.1) 30.4 (27.5)* 13.4 (16.7) 3.1 (1.3) 4.6 (4.5) 


tem using diazepam to provide preoperative anxiolysis has 
been described [2]. Following preliminary observation of the 
effects of very small doses of propofol, we postulated that this 
drug, administered to day surgery patients using a PCA sys- 
tem, may provide useful anxiolysis without increasing post- 
operative sedation. 

After Ethics Committee approval, 40 female patients under- 
going elective laparoscopic procedures were enrolled in a 
double-blind study. Patients were allocated randomly to re- 
ceive either propofol 10 mg mi~! or placebo (10% Intralipid) 
from a PCA system programmed to deliver l-ml boluses with 
a 3 or 5 min lockout period. Patients were invited to “ad- 
minister the medicine until you feel no anxiety about your 
operation’. A 100-mm linear analogue scale was completed by 
the patient and one investigator to assess anxiety (LASanx) 
and sedation (LASsed). A modified affect adjective checklist 
(MAACL) was used also. These tests were repeated at 15- 
min intervals for a minimum of 30 min before induction of 
anaesthesia. Number of boluses of drug delivered and 
demands made were recorded. Heart rate and arterial oxygen 
saturation were monitored and recorded continuously, and an 
anaesthetist was present throughout. Patients were requested 
to complete and return a questionnaire on the following day. 

Oxygen saturation remained above 95% in all patients. 
The propofol group showed significantly greater reductions 
(P < 0.05, Mann-Whitney U test) in patient MAACL and 
LASanx scores at 15 and 30 min when compared with pla- 
cebo (table XII). Increase in patient sedation scores was also 
significantly greater in the propofol group. These differences 
were not detected by the investigator scores. There was little 
difference in the number of boluses administered. In the post- 
operative questionnaire, 11 of 17 patients indicated they had 
benefited greatly from the PCA premedication in the propofol 
group compared with 4 of 14 returns in the placebo group. 

Patient-controlled anxiolysis with propofol is an effective 
premedication technique for use in anxious patients pre- 
senting for day surgery. 
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POSTER PRESENTATIONS 


A NEW PERSPECTIVE ON INTRAOPERATIVE 
MONITORING OF EEG 


J. R. SNEYD*, C. J. D. POMFRETI* AND 

T. E. J. HEALY. 

University Department of Anaesthesia, Withington Hospital, 
Manchester 


The compressed spectral array (CSA) has been used exten- 
sively to depict changes in EEG with different levels of an- 
aesthesia [1]. The three-dimensional display of the CSA may 
present problems with visualization of trends, since the most 
recent time slices may obscure earlier slices. 

We have developed a new representation of the CSA, link- 
ing regions of equivalent power by contours. This method of 
presentation has several advantages: the plot is in two dimen- 
sions, so no points are obscured as a result of inappropriate 
viewing angles or scales, and processing is simple, since 
algorithms for hidden line removal are not required. 

Discontinuities in the EEG record appear as closely packed 
contours, alerting the anaesthetist to a change in EEG profile. 
Appropriate shading may also be applied to the contour map, 
effectively highlighting alpha, beta and delta activity. 
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COMPARISON OF THE EFFECTS OF 
ANAESTHETIC AGENTS ON MITOGEN-INDUCED 
LYMPHOCYTE PROLIFERATION IN VITRO 


C. A. DONNELL, N. G. O7DONNELL, 

C. P. McSHARRY AND A. J. ASBURY 

Department of Immunology and University Department of 
Anaesthesia, Western Infirmary, Glasgow 


Anaesthetic agents may have a short-lived and reversible 
effect on the immune system [1]. However, in the intensive 
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care unit (ICU) these effects may be more important as the 
agents are administered continuously to patients whose im- 
mune system may be compromised already. 

Lymphocyte proliferation in response to an antigenic 
stimulus is an important function of the immune system. We 
have examined the effect of propofol and midazolam on 
mitogen-induced lymphocyte proliferation in vitro. Thiopen- 
tone was included for comparison as it is known to inhibit 
various immune functions [2]. Propofol is solubilzed in a sub- 
stance similar to 10% Intralipid, which can itself affect white 
cell function [3]. Therefore, the effect of 10% Intralipid 
alone was examined also. 

Peripheral blood was obtained from healthy individuals, 
sedimented on Dextran and the buffy coat centrifuged on 
Lymphoprep to obtain a lymphocyte-rich cell layer. Lympho- 
cyte proliferation was measured by [7H]-thymidine uptake for 
6h in cell cultures stimulated with standard mitogen pre- 
parations, in the presence or absence of varying concen- 
trations of the agents, for 3 or 6 days. 

Both propofol and thiopentone inhibited mitogen-induced 
proliferation (mean (SD) inhibition 68 (14.2)% and 100 
(0.1)%, respectively) at 10 times the plasma concentration 
required for anaesthesia. At plasma concentrations required 
for anaesthesia (propofol 6 ug ml“, thiopentone 40 ug ml~!), 
inhibition was —8 (3.6) % for propofol and 63 (3.2) % for thio- 
pentone. At plasma concentrations required to produce sed- 
ation (propofol 3 jg mi-!, midazolam 1.2 ug ml~4), propofol 
produced greater inhibition than midazolam (18 (5.7) % and 
—6.5 (2.8) %, respectively). At 10 times this plasma concen- 
tration, inhibition was 30 (2.3)% for propofol and 55 (5.7) % 
for midazolam. 

Intralipid, at the concentration used to carry 60 pg mi~? of 
propofol (i.e. 6 ul mI“) inhibited proliferation, but to a lesser 
extent than propofol (74 (6.7)% for propofol, 41 (2.7)% for 
Intralipid), At smaller concentrations of Intralipid no inhib- 
ition was observed. 

In conclusion, propofol, unlike thiopentone, does not in- 
hibit lymphocyte proliferation to mitogen in vitro at the 
plasma concentrations required for anaesthesia. However, pro- 
pofol was more inhibitory at plasma concentrations required 
for sedation, while midazolam had no inhibitory effect at this 
concentration. 
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PREANAESTHETIC MEDICATION: COMPARISON 
OF THREE DRUG GROUPS 


U. A. CARABINE?, K. R. MILLIGAN AND J. MOORE 
Department of Anaesthetics, The Queen’s University and 
Musgrave Park Hospital, Belfast 


Preanaesthetic medication is often used to provide pre- 
operative anxiolysis and sedation and a variety of agents are 


—, available. The benzodiazepines, with both sedative and anxio- 


A lytic properties are used widely. Recently it has been sug- 
gested that alpha-2 adrenergic agonists [1], and beta-blockers 
may be of benefit [2]. We compared the effects of oral timolol 
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10 mg, temazepam 20 mg, clonidine 0.2 mg, and a placebo as 
premedicants. 

After Ethics Committee approval and informed consent, 
healthy adults aged 18-65 yr, undergoing minor surgery were 
included. Baseline values for anxiety (visual analogue scale, 
VAS) critical flicker frequency (CFF) and a Trieger test were 
obtained before operation. Oral premedication was given 
60-90 min before operation, in a double-blind, randomized 
manner. In the anaesthetic room, sedation and anxiety scores 
were assessed. Anaesthesia was induced with propofol to loss 
of response to command and maintained with 1-1.5% 
isoflurane in nitrous oxide and oxygen. Induction was graded 
on a four-point scale. Heart rate (HR) and arterial pressure 
(AP) were monitored routinely. After operation, recovery 
time was noted and VAS scores for pain and CFF readings 
were recorded at 30, 60 and 90 min, and a Trieger test per- 
formed at 30min. Data were analysed using ANOVA, 
Student’s ¢ test and Mann-Whitmey U test. 

One hundred patients were studied in four equal groups. 
Sedation scores were similar in all groups. Anxiety was 
significantly less in the temazepam, clonidine and timolol 
groups compared with placebo (P < 0.05), with no significant 
differences between the active treatments. Propofol require- 
ments were smaller in all three active treatment groups (P < 
0.05), and the induction of anaesthesia was amoother. During 
operation, HR and AP were amallest in the timolol group com- 
pared with baseline values, but no clinical hypotension 
occurred. Time to eye opening and orientation was shorter in 
the timolol and placebo groups. The CFF values were slowest 
to return to baseline in the clonidine group but there were no 
differences between the groups by 90 min. Pain scores were 
lower in the clanidine and temazepam groups compared with 
the timolol and placebo groups in the early postoperative 
period. The incidence of side effects was similar in all groups. 

Despite the anxiolytic properties of clonidine and the rapid 
recovery with timolol, in this study, neither drug offered sig- 
nificant advantages over temazepam. Because of the slower 
recovery with clonidine and the cardiovascular changes fol- 
lowing timolol, it is unlikely that either drug be recom- 
mended for routine premedication. 
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MEASUREMENT OF PROPOFOL METABOLITES IN 
HUMAN URINE USING NUCLEAR MAGNETIC 
RESONANCE 


J. R. SNEYD*, A. BERRY*, P. J. SIMON* AND 

B. WRIGHT* 

Department of Anaesthesia, University Hospital of South 
Manchester and Pharmaceuticals Division, ICI 


The clearance of propofol by metabolism to water soluble con- 
jugates which are eliminated by the kidneys (< 2% in faeces) 
has been studied in volunteers administered a subanaesthetic 
dose of C-labelled propofol [1]. In the present study, nuclear 
magnetic resonance (NMR) has been used to quantify the 
metabolites of propofol in human urine. 

After Ethics Committee approval and patient informed 
consent, urine samples (0-4 h) were obtained from patients 
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(four male, 11 female) who had received an induction dose of 
propofol, and in some patients, additional doses of propofol 
(range 2-14 mg kg™!, mean (SEM) 4.2 (0.8) mg kg™') as part of 
the anaesthetic for elective body surface surgery. Metabolites 
were concentrated by solid phase extraction using a Bond 
Elut C18 column and redissolved in deuterated DMSO con- 
taining maleic acid before NMR measurement in a Bruker 
AM 400 MHz spectrometer. Metabolites were resolved 
according to the disposition of C-H protons about the aro- 
matic ring, as shown previously for samples isolated from the 
urine of volunteers [1], and quantified by “integral under the 
peak” measurements with reference to the two C-H protons 
in maleic acid. In addition, for the glucuronide metabolites, 
quantification was possible by consideration of the anomeric 
C-H protons of the glucuronic acid moiety. As well as sub- 
stantiating values based on the aromatic region, this was neces- 
sary where paracetamol was co-administered to patients, as a 
result of interference in the aromatic region of the NMR 
spectrum. No obvious interference was evident with other co- 
administered drugs viz temazepam, fentanyl, alfentanil, atra- 
curium, vecuronium, atropine, glycopyrrolate and neo- 
stigmine. 

Urine collected up to 4h after administration of propofol 
from patients undergoing elective body surface surgery with- 
out i.v. fluids, contained the following: 1-quinol glucuronide 
(mean (SEM) of the administered dose 4 (1)%), 4quinol 
glucuronide (4 (0) %), propofol glucuronide (17 (1) %) and 4- 
quinol sulphate (1 (0)%). The smaller proportion of the dose 
excreted in the urine of these patients compared to volunteers 
[1] may be attributed to preoperative fluid deprivation, or to 
a reduction in cardiac output and thus liver blood flow as a 
result of anaesthesia [2]. 

The fact that the relative proportions of the four 
metabolites were similar to those measured in volunteers by 
radiochemical techniques demonstrates that NMR is a valid 
method for the quantification of metabolites of propofol. 
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REGURGITATION OF GASTRIC CONTENTS 
DURING GENERAL ANAESTHESIA USING THE 
LARYNGEAL MASK AIRWAY 


P. BARKER, P. MURPHY*, J. AA LANGTON AND 
D. J. ROWBOTHAM 

University Department of Anaesthesia, Leicester Royal 
Infirmary 


Aspiration of gastric contents associated with the use of lar- 
yngeal mask airways has been reported recently [1, 2]. We com- 
pared the incidence of regurgitation of gastric contents in spon- 
tancously breathing patients under general anaesthesia admin- 
istered via a face mask and Guedel airway or a laryngeal mask 
airway. 

Thirty patients undergoing minor surgery were enrolled in 
the study. Patients who were obese or had a history of oeso- 
phageal reflux, hiatus hernia, or previous gastric surgery were 
excluded. Patients were allocated randomly to receive anaes- 
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TaBLe XIII. Patient characteristics (mean (SD) [range]). 
LMA = Laryngeal mask airway; FMGA = face mask and 


Guedal airway 

LMA FMGA 

group group 
n 15 15 
Sex (M: F) 9:6 10:5 
Age (yr) 49.1 [23-69] 47.7 [24-70] 
Weight (kg) 68.4 (2.5) 68.2 (1.9) 
Surgery (min) 31.6 (2.1) 29.3 (2.2) 


thetic gases via either a laryngeal mask airway (group LMA) 
or a face mask and Guedel airway (group FMGA). All 
patients were premedicated with temazepam 10-20 mg. An- 
aesthesia was induced with propofol 2 mg kg™ and fentanyl 
l pg kg", and maintained with halothane and nitrous oxide 
in 33% oxygen via a Magill circuit. Airways were inserted 
shortly after induction of anaesthesia by anaesthetists experi- 
enced in the technique. 

Ten minutes before induction of anaesthesia, a gelatin cap- 
sule containing 25% methylene blue in lactose was given to 
all patients with water 20 ml in the sitting position. At the 
end of the surgical procedure and before termination of an- 
aesthesia, the larynx and pharynx were inspected by laryn- 
goscopy. Presence of blue dye was taken to represent regur- 
gitation of gastric contents. Data were analysed using 
Student’s t test and chi-square test. 

The groups were comparable for sex, age, weight and dur- . 
ation of surgery (table XIII). Five patients (33%) in the 
LMA group regurgitated. No regurgitation was detected in 
the FMGA group (P < 0.05). 

These data suggest that the incidence of regurgitation of 
gastric contents may be increased during general anaesthesia 
with spontaneous ventilation using the laryngeal mask airway. 
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INVESTIGATION OF THE EFFECT OF ORAL 
DIAZEPAM ON UPPER AIRWAY REACTIVITY 


P. J. MURPHY*, J. LANGTON, P. BARKER AND 
G. SMITH 

University Department of Anaesthesia, Leicester Royal 
Infirmary 


Assessment of upper airway reactivity using small inspired 
concentrations of ammonia has been described [1]. A 
threshold response to ammonia (NH,TR) is defined as the 
smallest inspired concentration of ammonia which produces 
a sudden closure of the vocal cords (glottic stop) or a cough. 
Using this technique, Groves, Rees and Rosen [2] demon- 
strated a 200% increase in NH,TR which persisted for 4h 
after injection in subjects administered diazepam 15 mg i.v. 
Using a new, modified system for assessing ammonia 
thresholds we investigated the effect of a premedicant dose of 
oral diazepam. 

Six non-smoking, healthy, male volunteers aged 25-35 yf 
were entered in a double-blind crossover study. Subjects 
abstained from alcohol from 12:00 the previous day and had 
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.TaBıe XIV. Mean change (%) from baseline of threshold re- 
sponse to ammonia (NH,TR) and reaction time to an auditory 
stimulus (ART) in the diagepam and placebo groups 





Placebo group Diazepam group 

Time 
(min) ART NH,TR ART NH,TR 

30 —2.2 +25.0 +9.4 +58.8 

60 —3.5 —6.6 +14.4 +155.5 

90 +0.6 —1.7 +29.6 +92.6 
120 +2.0 ` +45.8 +30.4 +157.2 
150 -1.2 +10.8 +9.8 +80.5 
180 —1.1 —14.2 +4.7 +55.4 
210 +6.1 —7.5 +5.0 — 12.9 
240 +3.4 +12.5 +0.4 +6.7 


a light breakfast on the day of study. Baseline NH,TR and 
reaction time to an auditory stimulus (ART) were measured. 
The subjects were then given either diazepam 20 mg orally 
or placebo on separate occasions at least 1 week apart. Measure- 
ments of ART and NH,TR were made every 30 min for the 
next 4h. NH,TR was measured in order of increasing con- 
centration of ammonia, stopping at one level above that at 
which a clear glottic stop or cough had been obtained. 

Mean percentage changes from baseline of NH,TR and 
ART for the six subjects are shown in table XIV. 

It would appear from these initial results that a pre- 
medicant dose of oral diazepam may increase NH,;TR and 
thus reduce upper airway reactivity, but by 4h NH,TR had 
returned to almost baseline values. 
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COMPARISON OF THE EFFECTS OF PROPOFOL, 
MIDAZOLAM AND THIOPENTONE ON 
NEUTROPHIL POLARIZATION IN VITRO 


N. G. DONNELL, C. P. McSHARRY, 

P. C. WILKINSON AND A. J. ASBURY 

University Department of Anaesthesia and Department of 
Immunology, Western Infirmary, Glasgow 


Anaesthetic agents have inhibitory effects on the immune sys- 
tem [1], although they are generally short-lived and revers- 
ible. However, these effects may be more important when the 
agents are administered continuously, in the intensive care 
unit (ICU), to patients whose immune system may be com- 
promised already. 

We compared the effect of propofol, midazolam and thio- 
pentone on neutrophil polarization in vitro. Polarization is the 
initial response of neutrophils to a chemotactic stimulus and 
causes orientation in the direction of the stimulus. Propofol 
and midazolam are used frequently to produce sedation in 


Q- ICU. Thiopentone, which is known to inhibit immune func- 


tion [2], was included for comparison. Propofol is solubilized 
in a substance similar to 10% Intralipid which also affects 
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white cell function [3]. Therefore, the effect of 10% 
Intralipid alone was examined also. 

Peripheral blood from healthy volunteers was sedimented 
with Dextran and the buffy coat centrifuged on Lymphoprep 
to obtain a neutrophil-rich cell pellet. Optimum neutrophil 
polarization was induced by incubating cells with 
107° mol litre? N-formyl-L-methionyl-L-leucyl-L-phenyl- 
alanine (FMLP) in the presence or absence of varying 
concentrations of each agent, 

Propofol and thiopentone inhibited neutrophil polarization 
over a range of concentrations. Inhibition was approximately 
100% at 10 times the plasma concentration required to pro- 
duce anaesthesia. At plasma concentrations required for an- 
aesthesia (propofol 6 ug mi~}, thiopentone 40 ug ml!) inhib- 
ition was mean 49 (sD 5)% and 46 (3)%, respectively. At 
plasma concentrations of propofol required for sedation 
(3 ug mi“) inhibition was 47 (5)%. Midazolam produced 
minimal inhibition (0.1 (1.5)%) at plasma concentrations 
required for sedation (1.2 ug ml-t); inhibition increased at 10 
times this concentration but this was less than propofol or 
thiopentone. Intralipid produced augmentation of polar- 
ization at all concentrations, At a concentration used to carry 
6 ug of propofol (i.e. 0.6 ul ml-t) augmentation was 41 (7) %. 

In conclusion, propofol and thiopentone inhibit neutrophil 
polarization to a similar degree in vitro at plasma concen- 
trations required for anaesthesia. At plasma concentrations 
required for sedation, propofol produced more inhibition 
than midazolam. 
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CAN GLYCOPYRROLATE ATTENUATE 
PROPOFOL-INDUCED HYPOTENSION IN 
ELDERLY PATIENTS? 


J. R. SNEYD* AND R. MAYALL* 
Department of Anaesthesia, University Hospital of South 
Manchester 


Pretreatment with glycopyrrolate Spgkg has been 
proposed as a means of attenuating the hypotension induced 
by induction and maintenance of anaesthesia with propofol 
and alfentanil [1], although a larger study (which used pro- 
pofol and fentanyl) failed to confirm this finding [2]. Elderly 
patients are particularly intolerant of hypotension and are es- 
pecially likely to benefit from strategies which reduce hypo- 
tension associated with anaesthesia. 

‘Twenty unpremedicated patients aged 65 yr or more under- 
going elective urological surgery were allocated randomly to 
receive saline (group I, m= 10) or glycopyrrolate 5 pg kg! 
(group II, » = 10), 5 min before anaesthesia in a double-blind 
study. Induction with propofol 100 mg min“? until cessation 
of counting was followed by a maintenance dose of 
10 mg kg"? h-t, Heart rate and arterial pressure (measured 
non-invasively) were recorded before induction and for 5 min 
afterwards. Patient characteristics and haemodynamic date 
are shown in table XV. 

There were no significant between-group differences in 
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TABLE XV. Mean (SHM) patient characteristics and measure- 

ments of heart rate (HR) and mean arterial pressure (MAP). Pre- 

treatment with saline (group I) or glycopyrrolate (group ID 
was given 5 min before induction 


Group I Group IT 
Age (yr) 76.3 (1.8) 77.9 (2) 
Sex (M:F) 6:4 8:2 
Weight (kg) 66.6 (3.7) 59.6 (3.7) 
ASA grade (1:11: 11D 0:8:2. 0:8:2 
Induction dose of propofol 1.65 (0.07) 1.8 (0.01) 
(mg kg~*) 
MAP (mm Hg) 
Baseline 118 (4.8) 112 (5.8) 
1 min after pretreatment 121 (5.6) 116 (5.5) 
4 min after pretreatment 116 (5.6) 114 (6.8) 
2 min after induction 88 (6.1) 83 (5.4) 
5 min after induction 91 (6.6) 88 (6.5) 
HR (beat min`?) 
Baseline 75 (3.9) 71 (3.4) 
1 min after pretreatment 76 (3.3) 77 (4) 
4 min after pretreatment 74 (4.6) 82 (4.4) 
2 min after induction 73 (3.4) 84 (5.3) 
5 min after induction 71 (2.4) 80 (4) 
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either patient characteristics or mean arterial pressures. Heart 
rate was significantly increased by glycopyrrolate (P < 0.001, 
Mann-Whitney U test and analysis of variance). 

We conclude that pretreatment with glycopyrrolate does 
not attenuate the hypotensive effect of propofol in elderly 
patients. A more useful clinical strategy may be reduced in- 
jection rate [3]. 
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SPINAL ANAESTHESIA IN OBSTETRICS 


Sir,—In his review of spinal anaesthesia in obstetrics [1], Dr 
Kestin kindly attributed to me the first report of the combined 
spinal—extradural technique for Caesarean section. I have now 
performed well over 1000 sections using this approach and, for 
the reasons outlined by Dr Kestin, I believe that it provides 
consistently better anaesthesia and more flexibility than each 
technique used alone. Since first using the combined approach 
15 years ago, for example, I have not yet found it necessary to 
resort to general anaesthesia. 

Dr Kestin also referred to the absence of spinal headache that 
was reported in my previous communication [2]. Despite 
routine daily follow up until discharge from hospital, no 
patient has yet developed a dural puncture headache following 
this combined anaesthetic. I can assure you that no-one has 
been more surprised about this than I! Even using a 26-gauge 
needle, I would have anticipated a spinal headache to have 
occurred by now. The only explantion I can offer is that by 
using the extradural catheter for postoperative analgesia 
(pethidine 50 mg in saline 10 ml given on a patient-demand 
basis for up to 48h after surgery) we are unwittingly providing 
prophylaxis against the devolpment of spinal headache. 

As Dr Kestin (and also Dr Carrie in another recent review 
[3]) has stated, a combined “‘needle-through-needle” 
technique seems to have become more popular than using two 
separate interspaces. The former approach obviously appears 
more attractive because the patient requires only one injection. 
I am concerned, however, that damage to the spinal needle tip 
might occur during its passage through the extradural needle 
and that this, combined with a directional change of the needle 
just before entering the dura, could traumatize the dura—and so 
increase the likelihood of spinal headache. I am even more 
concerned about any delay which might occur because of 
difficulty in threading the extradural catheter. In my view, 
after the spinal anaesthetic has been administered, the patient 
demands undivided attention and reassurance. For instance, 
the onset of spinal anaesthsia often leads to patient anxiety, and 
symptoms associated with hypotension need to be recognized 
and treated without delay. Onr should not be distracted by 
attempting to thread an extradural catheter. For these reasons, 
I still prefer to have the extradural catheter in place before 
proceeding to administer the spinal anaesthetic at a separate 
interspace. 

P. BROWNRIDGE 
Adelaide, Australia 
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Sir,—Thank you for the opportunity to reply to Dr Brownridge. 
Although combined spinal~extradural techniques have become 
popular, there are few prospective studies of this technique. 
Much of the knowledge comes from anecdotal reports. 

If Dr Brownridge has performed more than 1000 Caesarean 
sections using the combined technique without any postspinal 
headaches, then the upper 95% confidence limit for the true 
incidence of spinal headache is less than 0.3% [1]. This is 
much less than expected after using a 26-gauge needle in this 
population. This finding warrants further investigation by 
prospective controlled trials. 

Dr Brownridge mentions two problems of the “needle- 
through-needle”’ method of the combined spinal-extradural 
technique. How much of a real risk there is of damaging the tip 
of the spinal needle as it traverses the side of the Tuohy needle 
is unknown, but it seems unlikely. There are Tuohy needles 
with an end-hole for the spinal needle and the side hole for 
the extradural catheter (Sterima SA, Zonnekestraat 13, 8620 
Kortrijk, Belgium). 

Difficulty threading the extradural catheter after the spinal 
injection has been given is a concern. For this reason, I think 
combined techniques using a ‘‘needle-through-needle” 
method should be performed only with the patient lying on her 
side. It may be alarming for the patient to develop a unilateral 
block, but she should be protected from developing severe 
hypotension by lying in the full lateral position. There are 
potentially much greater hazards in this event if the technique 
is being performed with the patient sitting upright. 

If the extradural catheter is inserted first and a spinal 
injection performed at a different interspace, as suggested by 
Dr Brownridge, then there is a theoretical possibility of 
damaging the extradural catheter with the spinal needle. The 
magnitude of this risk is unkown. 

I. G. KESTN 
Plymouth 
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FRESH GAS REQUIREMENT OF THE BAIN SYSTEM 


Sir,—Dr Miller’s article on rebreathing with various an- 
aesthetic systems described an ingenious lung model for 
calculating the degree of rebreathing of alveolar gas into the 
alveolar compartment [1]. An important result from this 
study, which appears to have been overlooked, is that 
rebreathing with the Bain system was prevented by a fresh gas 
flow less than twice the minute volume (Vz). This agrees with 
earlier work by Meakin and Coates in anaesthetized children 
[2], but is contrary to a previous assertion by Miller that at 
least 2Vz is necessary for adults and 3Vx for children [3]. 
G. MEAKIN 
Manchester 
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Sir,—Dr Meakin’s astute observations that rebreathing in the 
Bain system, detected by capnography, at a level less than two 
times the minute ventilation (2Vx) [1] could be claimed as 
rebreathing with a magnitude which may be of clinical 
importance. The actual curves, using the more sensitive and 
accurate method to discern rebreathing, showed that deviation 
from the maximum effective alveolar ventilation (Pae/ Vz) line 
began at 2Vg. Why, then, should I have said in another earlier 
report that the recommended fresh gas flow (VF) for children 
should ,be 3V£ [2]? This recommendation is based upon the 
difference in the magnitude of variability of metabolic rate 
between children and adults, 

In the Magill or any other afferent reservoir system, the 
recommended Vr is equal to Ve and is greater than the point 
at which onset of rebreathing occurs (approximately 0.6-0.7 of 
the Ve {1, 2]). This is to allow for changes in carbon dioxide 
production (Vco,) during anaesthesia. In the Bain system, the 
recommended Vr should be greater than this point, which may 
become clinically significant only when VF is less than 2V2. In 
children, the potential changes in Vico, are greater than in 
adults and it is therefore for practical reasons that I made the 
recommendation that Vr should be 3Vx for all efferent 
reservoir or T systems. If one were monitoring the resting 
minute ventilation in children (and not many of us do), then I 
must agree that VF equal to 2VE would indeed be acceptable. 

D. MILLER 
Tygerberg 
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PICOLAX BOWEL PREPARATION 


Sir,—I was interested to read the abstract of the presentation 
to the Anaesthetic Research Society on the effects of Picolax on 
body weight and intravascular fluid [1]. The findings might 
account for the observation of Campbell and colleagues of the 
increased requirement for i.v. fluids during surgery for 
intestinal resection [2]. 

My experience in anaesthetizing patients for colon resection 
after Picolax bowel preparation ig that these patients often 
need large volumes of i.v. fluids (up to 4 litre) to stabilize the 
arterial pressure after induction of anaesthesia. I have also 
heard anecdotal stories of collapse after bowel preparation 
with Picolax before radiological examination, and of one 
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patient who had a cardiac arrest. The manufacturers inform 
me that their packaging insert includes the instruction to 
encourage oral fluid intake when Picolax is used, but I found 
that many nurses were not aware of this, and that individual 
sachets of Picolax do not include this advice. 

It is important that patients who are given Picolax are also 
given the instruction to drink quite large quantities of fluid. In 
a letter from the manufacturers, they describe a study in which 
patients drank 139 ml of water every 1h for 12h during 
treatment with Picolax, and serum sodium, potassium and 
osmolality results suggested that this produced Only mild 
overhydration. If oral intake is impossible, fluids should be 
infused i.v. 

M. E. DODSON 
Liverpool 
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INTERFERENCE WITH PACEMAKER FUNCTION 
Sir,—The recent case report by Dr Finfer [1], illustrates one 


of the inherent problems of a unipolar pacing system, that of : 


inhibition by skeletal muscle myopotentials. Suxamethonium- 
induced muscle fasciculations were thought to be responsible 
for pacemaker failure. It has been suggested that a defascicu- 
lating dose of a non-depolarizing neuromuscular blocker 
should be used or suxamethonium avoided [2]. In addition, 
thiopentone has been documented to decrease pacemaker 
threshold [3], increasing the risk of ventricular arrhythmias 
[4]. 

Permanent pacemakers with bipolar electrodes are less 
sensitive to interference [5]. This has led to their increased use 
over recent years. During the 12-month period April 1990 to 
March 1991, 16 unipolar and 402 (96%) bipolar pacemakers 
were inserted at our hospital. Wider adoption of this practice 
will help reduce the problems encountered during anaesthesia. 

V. S. SIDHU 
London 
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Sir,—Thank you for the opportunity to reply to this letter. 
‘The author quotes Zaidan in suggesting that a “ defasciculating 


dose of non-depolarizing neuromuscular blocker should be az 


used or suxamethonium avoided”. Suxamethonium remains 
the neuromuscular blocker of choice for rapid sequence 
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induction of anaesthesia in patients at risk of aspiration of 
gastric contents; in such patients many anaesthetists would not 
wish to avoid its use. 

Whilst it is possible that a defasciculating dose of non- 
depolarizing blocking drug may reduce the incidence of 
pacemaker inhibition by myopotentials, I am unaware of any 
published research that supports this suggestion. It is still my 
view that the safest way to avoid myopotential inhibition is to 
fe-programme the pacemaker to asynchronous mode in those 
patients in whom the use of suxamethonium is indicated. 
There is no doubt that bipolar pacemakers are much less 
sensitive to myopotential inhibition and their widespread use 
would reduce the incidence of this problem. However, the 
majority of patients with pacemakers have unipolar systems in 
situ and it remains essential that anaesthetists ascertain the 
type of pacemaker before embarking on anaesthesia. 

S. R. FINFER 
Oxford 


ANAESTHESIA AND BONE MARROW APLASIA 


Sir,—I wish to comment on the case report by Fenner and 
Cashman [1]. To those of us who have a long standing interest 
in the toxicity of anaesthetic drugs and the habits developed in 
recommending specific anaesthetic agents, this article is of 
interest. Concerning the possible toxicity of agents involved, it 
is of interest that avoiding nitrous oxide did not avoid the 
neutropenia. I have even greater interest in the recommend- 
ation “‘to use anaesthetic techniques based on conduction 
block whenever possible in patients with this type of bone 
marrow aplasia”. Conduction anaesthesia was not “tested” in 
this experience. The authors have therefore recommended 
something different without any supporting evidence—in the 
presence of the fact that the patient had three uneventful 
recoveries from the anaesthetics actually used. 


W. K. HAMILTON 
San Francisco 
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Sir,—Thank you for the opportunity to reply to the letter from 
Dr Hamilton. We also were interested to note that the 
avoidance of nitrous oxide during the third anaesthetic did not 
prevent the occurrence of a further episode of profound 
neutropenia. It is possible that ketamine may have an effect on 
the bone marrow, but an effect caused by the neuroendocrine 
stress response, even from such a minor surgical procedure, 
cannot be excluded. 

Dr Hamilton is correct to point out that we did not use a 
technique based on conduction block in any of the three 
anaesthetics given. However, we feel that such a technique is 
likely to provide the best possible chance for a beneficial 
outcome. Regional anaesthesia is associated with a decrease in 
the plasma concentrations of cortisol [1] and catecholamines 
[2] and a reduction in postoperative granulocytosis and 
leucopenia [1]. The changes in glucocorticoids and sym- 
pathetic amines are known to cause short-term depression of 
neutrophil migration and phagocytosis [3]. Local anaesthetic 
agents, and in particular bupivacaine, do not have marked 
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inhibitory effects on leucocytic phagocytosis except in large 
concentrations [4]. Although we have not provided the clinical 
evidence to support the use of conduction anaesthesia, in a case 
such as this we believe that there is sufficient evidence to 


substantiate such a recommendation. 
S. G. FENNER 


J. N. CASHMAN 
London 
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BACTERIAL GROWTH IN PROPOFOL 


Sir,—Propofol infusions recently have been implicated as a 
medium supporting the growth of micro-organisms [1] and as 
a source of infection in patients following clean surgical 
procedures [2]. A study was performed to determine if 
contamination was extrinsic (contaminated during handling) 
or intrinsic (contaminated at the time of manufacture). 

Under sterile conditions, two 60-m] syringes (A and B) were 
prepared with propofol, attached to 1.5-m length of PVC 
catheter and placed on a sterile surface. At 45-min intervals 
over a period of 6 h, 6 ml of propofol was withdrawn from each 
syringe. Three millilitre was injected into an aerobic blood 
culture bottle and 3 ml into an anaerobic blood culture bottle. 
These were incubated and examined at 24, 48, 96 and 168 h. 
No organisms were grown from either syringe. 

The same procedure was repeated, but involved only 
washing of hands and placing the propofol on a clear surface; 
again two 60-ml syringes (C and D) were utilized and aerobic 
and anaerobic blood culture bottles inoculated every 45 min 
for 6h. On this occasion Staphylococcus aureus and S. 
epidermidis were identified in an aerobic blood culture bottle 
after 48 h. This corresponded to sampling in syringe C after 
90 min. A diphtheroid organism was identified in an aerobic 
blood culture bottle after 168h. This corresponded to a 
sample from syringe D after 180 min. The propofol syringes 
were left for 24 h and the remaining propofol inoculated in two 
blood culture bottles. Culture was negative. A nasal swab from 
the author grew S. aureus. 

Thus organisms were not cultured from propofol syringes 
after preparation using a sterile technique. However, three 
bacterial strains were isolated using a preparation technique 
similar to that used in clinical practice. Thus contamination 
was “‘extrinsic”’. 

Recent surveys of anaesthetists show that aseptic technique 
and infection control is frequently not observed during 
anaesthesia [3]. Infection related to propofol infusions has 
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been associated with use of the same syringes in more than one 
patient [4]. This suggests that potentially severe infection can 
occur in patients on propofol infusions because of lack of 
aseptic technique. 

The authors would recommend preparation of propofol 
infusions under aseptic conditions, the use of separate syringes 
and catheters for each patient and their replacement when the 
infusion requires changing. 

G. A. McLeon 

N. PACE 

M. D. INGLIS 
Airdrie 
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SPEED OF ONSET OF ANALGESIA OF DIAMORPHINE 
OR MORPHINE 


Sir,—We were interested by the report that morphine has a 
more rapid onset of action than diamorphine [1]. The accepted 
wisdom is that diamorphine, being more lipophilic than 
morphine, acts more quickly. That the converse is true implies 
that our understanding of the lipid solubility of drugs and the 
dynamics of their transport across membranes is incomplete. 

Morphine-6-glucuronide (M6G), an active metabolite of 
morphine, has been shown to have a greater analgesic activity 
than would be expected from a compound considered to be 
highly polar and unable to cross the blood-brain barrier [2]. It 
has been shown now that M6G has a lipophilicity similar to 
that of morphine, and much greater than expected [3]. Force 
field and quantum mechanical calculations indicate that M6G 
can exist in two conformational forms. The extended form 
exposes the polar groups of the molecule to the solvent and 
thus the form is hydrophilic. In the other form, the molecule 
is folded so that its polar groups are inaccessible and the 
molecule is lipophilic. An equilibrium exists berween the two 
forms such that the extended hydrophilic form predominates 
in polar media such as water, and the folded lipophilic form 
predominates in non-polar media, such as biological mem- 
branes. Morphine-6-glucuronide is able, therefore, to cross 
the blood-brain barrier more efficiently than expected and this 
may explain its clinically observed analgesic effect. 

Diamorphine is metabolized to morphine through 6-acetyl 
morphine (6AM). This metabolite is able also to cross 
biological membranes more readily than would be expected by 
its apparently polar nature. Unlike M6G, 6AM does not 
appear to have conformational isomers. However, the 6AM 
molecule is shaped so that the OH groups of the morphine 
moiety are effectively masked and the molecule is rendered 
more lipophilic, 
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Conventional pharmacokinetic theory answers many ques- 
tions and new investigative techniques are explaining some 
unresolved clinical anomalies. Our understanding of the 
behaviour of drugs in the body is incomplete and we should 
not be surprised, therefore, at such findings as morphine 
acting more rapidly than diamorphine. 

M. P. SHELLY 
Manchester 

G. R. PARK 
Cambridge 
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FIRST USE OF COMBINED SPINAL—EXTRADURAL 
ANAESTHESIA 
Sir,—In the interesting review of extradural, spinal or 
combined blocks for obstetric surgical anaesthesia [1], Brown- 
ridge is described as the inventor of the combined spinal- 
extradural technique. However, Brownridge suggested it in 


‘February 1979 [2], but described its use in Caesarean section 


only in 1981 {3}. 

I had cited him as the first user of this method while 
describing our combined spinal—extradural needle [4]. How- 
ever, Curelaru, and not Brownridge, was the first to use this 
technique [5], and described it in February 1979. He tested the 
method in 150 patients, using two vertebral punctures for the 
procedure, and described its advantages as the possibility of 
obtaining high quality conduction anaesthesia, minimal toxi- 
city, absence of postoperative pulmonary complications and 
economy. 

Twelve years have elapsed since that publication, which 
should be cited in further publications of the method. 

J. ELDOR 
Jerusalem 
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5. Curelaru I. Long duration subarachnoid anaesthesia with Ye 


continuous epidural block. Praktische Anästhesie 
Wiederbelebung und Intenstutherapie 1979; 14: 71-78. 


CORRESPONDENCE 


Sir,—Thank you for the opportunity to comment on Professor 
Eldor’s letter. I should now agree with him that Curelaru [1] 
in 1979 was the first to publish a description of a combined 
spinal and extradural (CSE) technique which involved the 
insertion of the spinal and extradural needles at separate 
lumbar interspaces. 

My article [2] was submitted for publication in February 
1990 and it was not until later that year that I (and also, I 
understand, Professor Eldor) learned from a most interesting 
exchange of letters with Professor Curelaru, of the latter’s 
publication of his description in 1979. Professor Curelaru 
worked on the technique while an anaesthetist in Romania, 
where the poor standard of equipment available at the time for 
both general and regional anaesthesia led to his search for a 
more effective and reliable technique. 

While the origin of many innovations seems to lead back 
inevitably to Biblical times, the first description of any type of 
CSE technique which I can find dates only from 1937! In that 
year, Soresi [3] described an “‘episubdural technique”, which 
comprised an extradural injection with a single needle which 
was then advanced through the dura mater into the sub- 


arachnoid space to perform a spinal block. The author made 


the unlikely claim of a duration of action of 24-48 h even with 
the short-acting procaine. The technique was often preceded 
by the author’s (a surgeon, not an anaesthetist) favourite 
premedication of “wine proctoclysis” which now would 
certainly be considered to be the misplaced use of 100-250 ml 
of port wine—per rectum! The method (but not the pre- 
medication) was revived recently by Sprotte and colleagues 
using their atraumatic needle [4]. However, the technique 
required the patient to be left rather awkwardly with the 
needle im situ until the extent and efficacy of the extradural 
block had been assessed. The needle was pushed through the 
dura mater to perform additional spinal anaesthesia only if the 
extradural block was inadequate. 

To the best of my knowledge, credit for the first CSE 
technique by a single interspace spinal needle through 


es 
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extradural needle technique should go to Coates [5], who 
passed a 26-gauge spinal needle through e 16-gauge extradural 
needle in orthopaedic patients. Mumtaz, Daz and Kuz [6] also 
described a needie-through-needle technique in the same 
journal (indeed on the same page) as the Coates letter. Another 
variation is to use a single vertebral interspace, but to pass the 
spinal alongside the extradural needle in some type of guide, 
after the extradural space has been identified and a catheter 
introduced. Professor Eldor himself was the first to describe a 
device of this type [7]. 

I shall be neither surprised nor disappointed if publication 
of this letter leads to further revelations concerning the origin 
of the combined spinal—-extradural technique. 


L. E. S. CARRE 
Oxford 
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BOOK REVIEWS 


Regional Anaesthesia, 2nd Edn. Edited by W. Koerster, M. 
Kreuscher, H.C. Niesel and M. Zenz. Published by 
Mosby Year Book, St Louis. Pp. 299; indexed ; illustrated. 
Price £64.00. 


This is the second edition of a translation of a German text 
produced in association with Astra, consisting of chapters by 
25 German contributors. It is produced on good quality paper 
and its strength lies in the excellent quality of the photographs 
and drawings showing surface markings and anatomy. 

The first three chapters comprise general topics on regional 
anaesthesia. These tend to be somewhat superficial and 
dogmatic and unsupported by textual references. Alternative 
texts exist which discuss this material in greater depth. 

The main part of the book comprises chapters on regional 
techniques, allocated to sections on surgery, obstetrics and pain 
therapy. Curiously, both ilioinguinal block and intercostal 
block appear in the section devoted to chronic pain, although 
these techniques are used frequently perioperatively to provide 
postoperative analgesia. The chapters are somewhat repetitive 
in their advice with regard to assessment of the patient and 
equipment required. ' 

The main impression given by these chapters is that they are 
somewhat unbalanced, with little discrimination between 
blocks which are used commonly and those less commonly 
used. Curious dogmatic and unreferenced statements abound. 
There are some surprising omissions: for example, there is 
no discussion of the use of fine spinal needles or combined 
extradural-subarachnoid block, no mention of spinal catheters 
and more importantly, inadequate discussion of the use of test 
doses for extradurals. There are also some curious inclusions, 
for example the use of a hanging drop in subarachnoid block 
and a chapter on paracervical block in obstetrics. 

Whist the book may be attractive to anaesthetists in training, 
because of its high quality diagrams and detailed explanations, 
candidates for examinations wishing a more in-depth analysis 
of regional anaesthesia would need to consult other texts in 
addition. 

D. Fell 


Ambulatory Anaesthesia and Sedation. Impairment and Re- 
covery. Edited by I. D. Klepper, L. D. Sanders and M. 
Rosen. Published by Blackwell Scientific Publications, 
Oxford. Pp. 297; indexed; illustrated. Price £39.50. 


This book arose as a result of a workshop held in Cardiff in 
July 1988 and was written by anaesthetists, psychologists and 
pharmacologists actively involved in research. There are 24 
chapters divided into five sections. The first section establishes 
the context and criteria for assessing recovery from drugs and 
compares the effects with those seen after ingestion of alcohol. 
A particularly important chapter written by Christopher 
Heneghan (who is both an anaesthetist and a barrister) outlines 
the legal position of the anaesthetist who allows patients to go 
home on the day of surgery. He makes quite clear the need for 
anaesthetists to protect themselves against being sued for 


negligence by recording the warning given to patients that they 
may still be under the influence of anaesthetic drugs which 
could be implicated in an accident. 

The second section discusses methods of assessing im- 
pairment and includes autonomic and neuromuscular function. 
Other chapters concentrate on body sway, eye movements, 
vigilance, reaction time, memory function and subjective 
assessment. In general, the pitfalls of measurement are 
discussed well although, even to someone interested in the 
field, the topics make dry reading. 

The third section covers the practical application of recovery 
assessment to specific patient groups, namely those going back 
to work, the elderly and children. The point is made that an 
occupational history should be taken and particularly, what is 
actually involved in the job. Thus the consequences of cognitive 
failure can be entered into the eqaution when advising return 
to work. 

The fourth section looks at the effects of benzodiazepines, 
analgesic drugs, i.v. and inhalation anaesthetics. The final 
section addresses the problem of new drugs. Inevitably, there 
is some overlap of information. 

Although the subject matter is important to anaesthetists, I 
am disappointed not to be able to recommend individuals or 
libraries to buy this book. The subjects are covered to greater 
depth than most individuals will wish to delve. Conversely, the 
researcher in the field will probably prefer to start with a 
review article and then refer to the original publications. 


G. Cooper 


Intraoperative Use of Echocardiography. (A Society of Cardio- 
vascular Anesthesiologists Monograph.) Edited by 
N. P. deBruijn and F. M. Clements. Published (1991) by 
J.B. Lippincott Company, Philadelphia. Pp. 225; in- 
dexed ; illustrated. Price $49.95. 


The editors have enlisted 16 colleagues, all acknowledged 
experts in the field of intraoperative echocardiography, to 
write the 10 chapters of this superb book. It starts with a brief 
review written by Clements on the evolution of a new specialty : 
that of “anesthesiologist—-echocardiographer ”, spelling out the 
training requirements. This is followed by a technical chapter 
by Thys and Hillel explaining in detail how echocardiography 
works. Several terms we have all heard or read about are 
explained clearly, often with the help of excellent diagrams. 
Two chapters are devoted to the detection of myocardial 
ischaemia (Cahalan) and the assessment of left ventricular 
function (Leung, Shiller and Mangano). These chapters show 
both the value of echocardiography and its limitations. The 
chapter by Stanley introduces the concept of quantitative 
echocardiography, giving details of algorithms used to de- 
termine chamber volume from two-dimensional echocardio- 
grams, and suggesting elegant ways in which regional function 
may be quantified. The basic principles of Doppler colour- 
flow imaging are described by Sheikh, Adams and Kisslo. 
Again, disadvantages and limitations are discussed with the 
help of a few (paradoxically) black and white diagrams. In 
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addition to detection of ischaemia and evaluation of acute 
changes in left ventricular function, transoesophageal echo- 
cardiography plays an important role in the assessment of 
valvular disorders and in the intraoperative assessment of the 
quality of surgical repair. This issue is addressed by deBruijn 
and Clements. A natural extension is to consider the place of 
echocardiography in the assessment of congenital heart 
disease: Greeley and Ungerleider present data showing the 
impact of echocardiography in terms of surgical outcome, 
stressing the point that echocardiography makes it possible to 
repair residual defects before termination of anaesthesia, thus 
reducing the extent of reoperation and substantially decreasing 
the risk of surgical death. This type of evaluation may rest on 
transoesophageal or on epicardial (sterile) intraoperative 
echocardiography. This theme is extended to the adult patient 
by Czer and Maurer in their chapter devoted to Doppler 
colour-flow mapping. This may prove invaluable in the 
assessment of regurgitant flow, outflow obstruction, and 
identification of site of septal defects after myocardial in- 
farction. In the last chapter Abel and Nishimura describe the 
principles of pulsed-wave Doppler echocardiography and 
discuss its many applications, from the measurement of cardiac 
output, the calculation of pressure gradients across a valve, the 
determination of mitral valve area, to the assessment of 
diastolic function based on the analysis of the mitral flow 
velocity curve. 

A wealth of information is presented with simplicity and 
clarity. This information is extremely useful, not only to those 
who might wish to become “‘anesthesiologist-echocardio- 
graphers”’ but, more importantly, to all anaesthetists who 
want to understand what echocardiography can offer, be better 
able to interpret the findings, and assess the material presented 
in the increasing number of articles in the anaesthetic literature 
relating echocardiographic studies. Time has come to take 
stock of echocardiography in anaesthetic practice. This book 
does justice to this important subject and both editors and all 
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the contributors deserved to be congratulated for the high 
quality of their contributions. A book that should find its way 
to departmental libraries and in the hands of those involved in 
cardiovascular anaesthesia. 

P. Foéx 


A Pocket Book of Intensive Care: Data, Drugs and Procedures, 
2nd Edn. Edited by J. Tinker and S. N. Jones. Published 
by Edward Arnold, Sevenoaks. Pp. 166; indexed; 
illustrated. Price £9.95. 


The second edition of this highly popular pocket book has 
expanded by only 16 pages and now consists of 166 pages. The 
format remains unchanged and it contains the same eight 
chapters as the original. 

The Publishers’ notes on the back cover claim that the 
chapters on the renal, nervous and respiratory systems have 
been revised extensively. Unfortunately, there are only 
minimal changes in the renal and nervous system chapters (I 
could detect only one for the nervous system) and the 
opportunity has been missed to include such up to date 
techniques as continuous arteriovenous haemodialysis. 

The respiratory chapter includes a useful new section on 
artificial ventilation. There is, however, no mention of 
minitracheotomy in the techniques section, and the book 
continues to advocate the use of an “Argyle trocar” to pierce 
the tissues beyond the subcutaneous layer when inserting a 
chest drain—a practice which should surely be abandoned in 
the light of ATLS Teaching. 

Despite these criticisms, the book contains much useful 
data, in a readily accessible form, and should justifiably remain 
a valuable and popular source of “handy” information to the 
resident in Intensive Care. 

G. W. Fones 
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GUIDE TO CONTRIBUTORS 


The purpose of British Journal of Anaesthesia is 
the publication of original work in all branches of 
anaesthesia, including the application of basic 
sciences. One issue each year deals mainly with 
material of postgraduate educational value. 


PAPERS 


Papers submitted must not have been published 
in whole or in part in any other journal, and are 
subject to editorial revision. It is a condition of 
acceptance for publication that copyright becomes 
vested in the Journal and permission to republish 
must be obtained from the Editor. 

Papers based on clinical investigation should 
conform to ethical standards as set out in the 
Declaration of Helsinki and should normally 
include a statement of approval from an appro- 
priate Ethics Committee. In the case of animal 
studies it is the responsibility of the author to 
satisfy the Board that no unnecessary suffering 
has been inflicted. Studies from the U.K. should 
specify the Home Office Licence number; from 
elsewhere, a statement of approval from an 
appropriate Licensing Authority. 


LEGAL CONSIDERATIONS 


Authors should avoid the use of names, initials 
and hospital numbers which might lead to 
recognition of a patient. A patient must not be 
recognizable in photographs unless written con- 
sent of the subject has been obtained. A table or 
illustration that has been published elsewhere 
should be accompanied by a statement that 
permission for reproduction has been obtained 
from the author and publishers. 


PREPARATION OF MANUSCRIPT 
Three copies of each manuscript (including 


revised texts) should be submitted and should. 


indicate the title of the paper, the names), 
qualifications and full address(es) of the author(s), 
and be in letter quality heavy type (not dot 
matrix), double-spaced on one side only of the 
paper, with a wide margin. Contributors should 
retain a copy in order to check proofs and in case 
of loss. 

Each of the three copies submitted must be 
accompanied by a complete set of figures. One set 
of figures must be unmounted glossy prints (see 
below); the two other sets may be photocopies. 


Manuscripts should be accompanied by a 
formal letter of request for publication which 
should be signed by all the authors. 

Papers in recent issues of British Journal of 
Anaesthesia should be consulted for general and 
detailed presentation. They are most often sub- 
divided into: Title page 

Summary 

Introduction (not headed) 
Methods 

Results 

Discussion 
Acknowledgements 

List of references 

Tables 

Illustrations 


Title page 

There should be a separate title page, including 
the name(s), degrees and address(es) of author(s). 
It should be made clear which address relates to 
which author. Authors’ present addresses dif- 
fering from those at which the work was carried 
out, or special instructions concerning the address 
for correspondence, should be given as a footnote 
on the title page and referenced at the appropriate 
place in the author list by superscript symbols. If 
the address to which proofs should be sent is not 
that of the first-mentioned author, clear instruc- 
tions should be given in a covering note and 
not on the title page. The title page should be 
paginated.as page 1 of the paper. 

A short running title containing not more than 
50 characters and spaces should be included. 


Summary 


The summary will be printed at the beginning 
of the paper. It should be on a separate sheet, in 
the form of a single paragraph which gives a 
succinct account of the problem, the methods, 
results and conclusions, and normally should be 
of 50-150 words. It may be used as it stands by 
abstracting journals. 

Three to five key words or ETRE (for 
indexing) should be included below the summary. 


Introduction 


The introduction should give a concise account 
of the background of the problem and the object 
of the investigation. Previous work shouid be 
quoted only if it has a direct bearing on the 
present problem. 
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Methods 


Methods must be described in sufficient detail 
to allow the investigation to be interpreted and 
repeated by the reader. Any modification of 
previously published methods should be de- 
scribed and the reference given. If the methods are 
commonly used, only a reference to the original 
source is required. 


Drugs 

When a drug is first mentioned it should be 
given the generic or official name, followed in 
parentheses by the chemical formula only if the 
structure is not well known, and by the capitalized 
proprietary name. 


Results 


Description of results, while concise, should 
permit repetition of the investigation by others. 
Data should not be repeated unnecessarily in text, 
tables and figures, and unwarranted numbers of 
digits should be avoided. Significance should be 
given as values of probability. The desired 
positions of tables and figures may be indicated by 
. Written instructions enclosed within lines and 

` brackets, for example: 


(TABLE III near here) 


Discussion 

The discussion should not merely recapitulate 
the results, but should present their interpretation 
against the background of existing knowledge. It 
should include a statement of any assumptions on 
which conclusions are based. 


Acknowledgements 


Acknowledgements will be printed in small 
type. They should be brief, and should include 
reference to sources of support and sources of 
drugs not freely available commercially. 


References 


There should be a table of references at the 
conclusion of the paper, commencing on a new 
sheet. 

References must be numbered consecutively in 
the order in which they are first mentioned in the 
text, with the exception of review articles, when 
references should be arranged alphabetically. 
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References in text, tables and legends should be 
identified by arabic numbers appearing in the text 
in square brackets. 

Use the style of references adopted by the U.S. 
National Library of Medicine and used in Index 
Medicus. The titles of journals must be given in 
full. 

The names and initials of all authors should be 
listed. 

Text references to “unpublished observations” 
or “personal communications” should not be 
included in the final list of references. Authors are 
responsible for verifying that the wording of 
references to unpublished work is approved by 
the persons concerned. Papers which have been 
submitted and accepted for publication should be 
included in the list, the phrase “in, press” 
replacing volume and page number. Information 
from manuscripts submitted but not yet accepted 
should be cited in the text as unpublished 
observations. l 

Examples of correct forms of references: 


Journals (list all authors): 


1. Brown BR jr, Gandolphi AJ. Adverse effects of volatile 
anaesthetics. British Journal of Anaesthesia 1987; 59: 
14-23. 


Chapter in a Book: 


2. Hull CJ. Opioid infusions for the management of post- 
operative pain. In: Smith G, Covino BG, eds. Acute Pain. 
London: Burterworths, 1985: 155-179. 


Monographs: 


3. Moore, DC. Regional Block, 4th edn. Springfield, Ilinois : 
Charles C Thomas, 1979. 


Restrict references to those that have direct 
bearing on the work described and cite only 
references to books and articles published in 
Index Medicus journals. 

It is essential that authors verify the content 
and detail of references which they list against the 
original articles, as this responsibility cannot be 
accepted by either Editors or publishers. 


Tables 


All tables should be on separate sheets and be 
capable, with their captions, of interpretation 
without reference to the text. They should be 
numbered consecutively with Roman numerals. 
Units in which results are expressed should be 
given in brackets at the top of each column, and 
not repeated on each line of the table. Ditto signs 
are not used. Footnotes are not used. 
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Illustrations 


Photographs should be unmounted glossy 
prints, and should be protected adequately for 
mailing. Surfaces should not be marred with 
clips, pins or by heavy writing on the back. 
Drawings, charts and graphs should be in black 
india ink on white paper and, if in sets, should be 
presented at a uniform magnification. Illustrations 
should be clearly numbered on the back, pref- 
erably in soft pencil, with reference to the text, 
and using Arabic numerals. They should be 
accompanied on a separate sheet by a suitable 
legend. Lettering should be professional-looking, 
uniform, preferably in a common typeface, large 
enough to read at a reduced size, and in proportion 
to the illustrated material. Lines in the original 
must also be thick enough to allow for reduction. 
Magnifications, especially in photomicrographs, 
should be indicated by a scale on the photograph 
itself, in order to remain appropriate after re- 
duction. Symbols which are to appear in the 
legend should be chosen from the following 
available types: 


@eomgovvaA A@O xX + 


The name of the author and title of the paper 
should also be written in soft pencil on the back of 
the illustrations. 

It is emphasized that care taken in the original 
preparation of figures will obviate the time- 
consuming and expensive necessity of their re- 
vision. 

It should be noted that A4-size figures gen- 
erated by computer are usually unacceptable (see 
Extended Guide to Contributors—British Journal 
of Anaesthesia 1990; 64: 129-136). 


General information 

Instructions to the printer. Words to be printed 
in lower-case italics should be indicated by one 
underline. Two underlines indicate small capi- 
tals, three indicate large capitals and four, italic 
capitals. A wavy underline indicates a word to be 
printed in bold type. 

Headings in the text. Six possible grades are 
available, and may be indicated by the following 
letters of identification : 


PART 1 (capitals) 
RESULTS (small capitals) 
Blood-Gas Analysis (l.c. roman) 


The Action of Drugs (italics, centre) 
Lung function studies (italics, full out) 
Volume. Large volumes... (italics, indent) 
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Symbols and Abbreviations. In accordance with 
Editorial adoption of SI Units, abbreviations and 
symbols should follow the conventions described 
in the booklet Units, Symbols and Abbreviations. A 
Guide for Biological and Medical Editors and 
Authors (ed. D. N. Baron) (1988), published by 
and available from The Royal Society of 
Medicine, 1 Wimpole Street, London, W1M 8AE. 
Words for which abbreviations are not included 
should be written in full at first mention in the 
summary and again in the text and followed by the 
abbreviation in brackets. This will usually be in 
the form of large capitals without separating 
points. 

Spelling, etc. British spelling should be used 
with “z” rather than “s” spelling in, e.g. 
organize, organization. 


SHORT, RAPID COMMUNICATIONS 


Authors are encouraged to submit short manu- 
scripts suitable for rapid publication. In general, 
these should conform to the requirements out- 
lined above, but with the following differences: 

Format. Summary; Introduction (not headed); 
Methods and Results; Comment. 

Size. Not more than: 6 references, 1 table or 
1 figure, one-and-a-half pages of printed text 
(1200 words). 


CORRESPONDENCE 


It is proposed that a proportion of the Journal be 
devoted to correspondence each month. Every 
effort will be made to ensure that correspondence 
arising from papers in a recent issue is published 
without delay, and for this reason, relevant 
correspondence will be given priority over that 
pertaining to original research. Authors of cor- 
respondence concerning original work will receive 
proofs at the Editor’s discretion. 


PROOFS 


These should be corrected and returned to the 
technical editor within 48 hours of receipt. Overseas 
contributors should return their proofs by air- 
mail. 


REPRINTS 


Twenty-five reprints of articles will be dispatched 

to the authors after publication. Further reprints 

can be supplied if application is made on the order ' 
form attached to the proofs. The order form 

should be returned with the proofs. 
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12TH INTERNATIONAL SYMPOSIUM ON INTENSIVE CARE 
AND EMERGENCY MEDICINE 


Brussels 23-27 March, 1992 


For information: Mrs S. Smitz-de-Smet, 
Symposium Manager, 
Department of Intensive Care, 
Erasme University Hospital, 
Route de Lennik 808, 
B-1070 Bruxelles, Belgium. 
Tel. : 32/2/526 33 80 
Fax.: 32/2/526 45 55 








TOPICS IN ANAESTHESIA 
Bali April 1-4, 1992 


Main topics: Regional anaesthesia; haemodynamics; pain relief. 


For information: Institute of Anaesthesiology, 
University Hospital Nijmegen, 
P.O. Box 9101 6500 HB Nijmegen, 
The Netherlands. 
Tel.: 080-614553 
Fax. : 080-540524 
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Department of Anesthesiology at the Oregon Health 
Sciences University is recruiting for faculty members at the © 
Assistant Professor level. Specialized training beyond CAII 
or CAIII year or equivalent experience are required. 
Specific need exists for a faculty member interested in 
generalized medicine. Research interest and background 
are desirable. Candidates must be eligible for Oregon 
Medical License. Please send C.V. and names of three (3) 
references to Wendell C. Stevens, M.D., Department of 
Anesthesiology, 3181 S.W. Sam Jackson Park Road, 
Portland, Oregon 97201. The Oregon Health Sciences 
University is an equal opportunity/affirmative action 
employer. 














Department of Anesthesiology at the Oregon Health 
Sciences University is recruiting a full time faculty member 
at the Assistant Professor level. Specialized training 
beyond CAII or CAIII year or equivalent experience are 
required. Specific need exists for a faculty member 
interested in intensive care. Research experience and 
background are desirable. Candidates must be eligible for 
Oregon Medical License. Please send C.V. and names of 
three (3) references to Wendell C. Stevens, M.D., 
Department of Anesthesiology, 3181 S.W. Sam Jackson 
Park Road, Portland, Oregon 97201. The Oregon Health 
Sciences University is an equal opportunity/affirmative 
action employer. | 
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EDITORIAL I 


ASSESSMENT OF THE PLACENTAL CIRCULATION 


The wellbeing of the fetus is dependent on the 
development and maintenance of an adequate 
fetal and uteroplacental circulation. At term, 
total uterine blood flow is 10% of the maternal 
cardiac output, of which 70-80% (about 600- 
700 ml min`!) flows through the placenta [1]. The 
volume of all intervillous spaces has been esti- 
mated at 150-250 ml and there are approximately 
60 placental cotyledons. The surface area of the 
mature placenta is about 11 mê, so that the low 
flow to large surface area favours its use as a 
feto—maternal transfer organ [2]. 

The uterine vascular bed is dilated almost 
maximally under normal conditions, with little 
ability to dilate further [3]. It is not autoregulated, 
flow being dependent on perfusion pressure, 
which is related directly to the difference between 
uterine artery and venous pressures, and inversely 
to uterine vascular resistance. Changes in uterine 
arterial pressure without alteration in vascular 
resistance cause changes in placental blood flow. 
The hypotension associated with the supine 
position, regional or general anaesthesia or hypo- 
volaemia results in decreased uteroplacental blood 
flow. Alpha-adrenergic stimulation vasoconstricts 
the uterine vascular input and, despite the increase 
in maternal arterial pressure, there is a reduction 
in placental perfusion [4]. 

On the fetal side of the placental circulation, the 
villi are supplied by two umbilical arteries. These 
thick-walled, highly contractile vessels have both 
alpha- and beta-adrenoreceptors which do not 
exist in the umbilical cord vessels [5]. The 
terminal villi contain an extensive sinusoidal 
network of small vessels which drain into a single 
thin-walled, distensible umbilical vein. Blood flow 
in the fetal placental circulation is about 
250 ml min). The umbilical placental circulation 
has a low resistance and changes of flow vary 
directly with changes in fetal cardiac output, 
which is dependent on stroke volume and heart 


rate [6]. Biochemical factors may also play an 
important part in regulation of umbilical blood 
flow. The interdependence of the uteroplacental 
and fetoplacental circulations and the suscep- 
tibility to changes in maternal arterial and venous 
pressures may be important [7]. 

Clinical study of the human placental cir- 
culation has presented considerable difficulties, so 
that the effects of different methods of maternal 
management and therapy have been extrapolated 
mainly from animal investigations. Sophisticated 
studies in pregnant sheep which involve cannula- 
tion of the maternal and fetal placental vessels 
have provided much valuable information about 
the effects of drugs, stress and biochemical 
variations [8]. Nevertheless, there is still doubt 
regarding their relevance to the human because of 
known inter-species variation. 

In the late 1970s, a group of Finnish investi- 
gators developed a quantitative method of meas- 
urement for both the intervillous and myometrial 
component of human uterine blood flow, based on 
the clearance of i.v. xenon-133 [9]. This technique 
measures the flow per unit volume over an area of 
ll cm? of placenta using a single collimator. 
Jouppila and colleagues [10, 11] used this method 
to study intervillous blood flow during labour and 
anaesthesia for elective Caesarean section. While 
the radiation dose to the mother and fetus is small, 
this method does not allow instant repetitive 
investigation of short-lived variation in the 
maternal circulation, and the placenta must be 
sited on the anterior uterine wall. Nevertheless, 
these workers confirmed findings from animal 
experiments using this technique [10]. As the i.v. 
xenon-133 method only measures the flow per 
unit volume of placental tissue over the central 
area of the placenta, Nylund and colleagues [12] 
introduced placental scintigraphy using indium- 
133, which allows total uteroplacental blood flow 
to be assessed. Again, this method limits the 
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number of measurements [13] and gives no 
indication of changes on the fetal side of the 
placenta. 

The ability to examine both sides of the 
placental circulation simultaneously, continu- 
ously and non-invasively has been achieved by the 
introduction of Doppler ultrasound techniques 
[14]. Doppler-shifted signals from human blood 
vessels are within the audible range, thus allowing 
them to be played through a loudspeaker and 
stored on an audiotape. These audible signals may 
be converted to visual signals and real-time 
spectrum analysis. Equipment is becoming in- 
creasingly sophisticated and reliable. Using the 
colour flow system, real time images are super- 
imposed with blood flow information, coded in 
colour to indicate directions and velocity of blood 
flow. Identification of vessels in the uteroplacental 
and fetoplacental circulations is accurate because 
of their characteristic flow pattern, and allows 
their simultaneous recording and quantitative and 
qualitative estimations to be made. Volume flow is 
derived from the formula Vzr?, where V is the 
time-averaged mean velocity and r is the radius of 
the vessel. For quantification, the diameter of the 
vessel must be known and it is assumed that the 
vessel is circular and the diameter remains 
constant through the cardiac cycle. As the Dop- 
pler shift is directly proportional to the cosine of 
the angle of insonation of the vessel, errors in its 
measurement cause significant errors in velocity 
calculation [15]. These inaccuracies in quantifying 
findings do not affect qualitative flow analysis, as 
the derived indices are independent of the angle of 
insonation, while measurement of vessel diameter 
is not required [16, 17]. The indices, the systolic: 
diastolic (A:B) ratio, the pulsatility index (PID 
and the Pourcelot ratio (PR) (fig. 1) are measures 
of downstream impedance rather than flow. 

Several reports on the use of Doppler waveform 
analysis in obstetric anaesthesia have been pub- 
lished; two are included in this issue of the 
Journal [18,19]. These well-planned studies 
suggest that extradural anaesthesia with a 
bupivacaine—adrenaline or lignocaine—adrenaline 
mixture does not alter placental blood flow or fetal 
haemodynamics, provided maternal hypotension 
is prevented by rapid i.v. infusion of crystalloid or 
administration of ephedrine. However, only eight 
patients were included in the first study [18] and 
the timing of the second observation was delayed 
until a sensory block to T5 had been achieved, 
which may or may not have coincided with the 
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Fig. 1. Definition of three waveform indices. 


occurrence of major placental blood flow changes. 
Only the PR index has normal distribution, which 
is important in statistical evaluation of the results 
[20]. 

In the second study [19], measurements were 
made before and after the extradural block, during 
episodes of hypotension and after administration 
of ephedrine. During episodes of hypotension 
there were no changes in any index of feto- 
placental circulation or fetal outcome. 

The comment by Gutsche and Cheek [21] that 
this method of investigation has revolutionized 
the practice of obstetrics requires further sub- 
stantiation, particularly in those situations in 
which sudden maternal hypotension could reduce 
placental perfusion during anaesthesia. Correla- 
tions of Doppler diagnosed impairment of the 
placental circulation with other evidence of fetal 
compromise would do much to enhance its 
reputation. 

J. Moore 
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EDITORIAL II 


HEADACHE AFTER SPINAL ANAESTHESIA 


Since the introduction of spinal anaesthesia by 
Bier in 1899, headache has remained a well 
recognized complication but was, initially at least, 
considered to be a small price to pay for the 
excellent anaesthesia produced by the spinal 
block. However, postdural puncture headache 
(PDPH) may be incapacitating and associated 
with a substantial increase in postoperative mor- 
bidity. Hospital stay may be prolonged and, in 
addition to headache, there may be rare neuro- 
logical sequelae, such as III, IV, VI and VIIIth 
cranial nerve palsies causing diplopia, tinnitus 
and bilateral deafness [1, 2]. Death resulting from 
bilateral subdural haematoma associated with 
PDPH has been described after dural puncture 
[3]. 

Not all patients receiving spinal anaesthesia are 
equally susceptible to PDPH. In 1956, Vandam 
and Dripps concluded from a large epidemiol- 
ogical study that spinal anaesthesia was safe, but 
that PDPH was significantly more common in 
young, female and quickly ambulant patients, 
with the highest incidence occurring in obstetric 
_ patients. The association of PDPH and larger 
diameter spinal needles was noted also [1]. 

The cause of PDPH remains unknown, but 
laboratory and clinical evidence substantiates the 
most plausible explanation, that CSF leaks at the 
time of and subsequent to dural puncture [4, 5]. 
Sitting or standing when the CSF volume is 
reduced as a result of the leak encourages drainage 
of the remaining CSF to the lumbar region. The 
consequent traction on the brain and cortical 
meninges produces the characteristic headache, 
which is relieved most commonly by lying down. 
Reflex cerebrovascular vasodilatation may also 
cause pain [6]. 

Thus the two most important factors influenc- 
ing the frequency and severity of PDPH are the 
age of the patient and the size of the dural 
perforation. The shape and size of the hole in the 
dura is dependent on the diameter of the needle, 
on the thickness of the dura at the puncture site 
[7] and on the position of the needle bevel in 
relation to the long axis of the dural fibres [8]. 
However, microscopic examination of fresh 


cadaver specimens of lumbar dura has shown that 
the fibres are not uniformly parallel and that their 
thickness is variable [7, 8]. This variability may 
explain the conflicting results of clinical and 
laboratory studies in which the parallel position of 
the needle bevel in relation to the assumed 
longitudinal axis of the dural fibres was examined 
[4, 5, 9-12]. It has been suggested also that a steep 
angle of penetration of the dura by the needle, in 
which a longer track is made, may influence the 
development of PDPH [5]. 

Classically, PDPH is throbbing in nature, of 
varying severity and presents most commonly 
within 48 h of dural puncture. Although usually 
mild, if severe it may be accompanied by neck 
stiffness, nausea, vomiting and photophobia. With 
conservative treatment, spontaneous resolution of 
the majority of PDPH usually occurs within 1-2 
days; occasionally it may last for up to 1 week, 
but has been reported to persist for 1 year 
[1, 3, 13, 14]. Conservative treatment includes 
simple oral and opioid analgesics and a high fluid 
intake of 1.5-3 litre day~!. Prophylactic 24-h bed 
rest is ineffective [15], but preliminary reports of 
the use of i.v. caffeine sodium benzoate 500 mg 
administered as a 1-litre infusion over 1h have 
proved encouraging [6, 16]. The use of an ab- 
dominal binder effectively reduces the incidence 
and severity of headache, but has not proved 
popular [17, 18]. 

Severe symptoms may confine the patient to 
bed and may persist, thereby justifying more 
invasive methods of treatment. Intermittent injec- 
tions of physiological saline (60 ml or more) have 
achieved considerable success in both prophylaxis 
against and treatment of established PDPH, 
effectively reducing both its severity and incidence 
{19, 20]; extradural infusions of Hartmann’s solu- 
tion are also effective [21]. However, the most 
effective method of treating moderate to severe 
PDPH is an autologous extradural “blood patch”, 
(EBP) in which, under sterile conditions, 
10-20 ml of the patient’s blood is withdrawn and 
injected into the extradural space. First intro- 
duced into clinical practice in 1960 [22], use of 
EBP has now become widespread and the benefit 
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of blood patching is almost immediate. Studies 
have confirmed its effectiveness: 89% of PDPH 
are relieved by the first autologous injection, and 
a further 8 % by a subsequent injection [23]. Long 
term follow up has confirmed its safety [23, 24]. 
During the procedure, the patient may complain 
of paraesthesiae, neckache and backache. After 
48 h, back and neckache are common and transient 
pyrexia may occur [23]. Radicular back pain has 
been reported, resolving spontaneously [25]. De- 
spite the apparent risk of infection, the procedure 
appears to be safe, and serious complications are 
very rare [23, 24, 26]. 

Postmortem examination of human dura within 
48h of EBP has demonstrated strands of clot 
attached to the dura [3]. From animal experi- 
ments, Di Giovanni, Galbert and Wahle con- 
cluded that there was no more tissue reaction after 
EBP than after simple dural puncture [26]. 
Although subsequent extradural anaesthesia is 
usually successful, Rainbird and Pfitzner de- 
scribed restricted extradural spread at repeat 
Caesarean section with an extradural block which 
was limited to below L2, 3 years after successful 
blood patching [27]. Epiarrachidural haematoma 
has been reported after EBP, but the technique 
responsible was not routine practice [28]. The 
volume of blood injected has varied, but the 
larger the volume the greater the efficacy of the 
EBP; 18-20 ml is the most common injection 
volume used. 

Prophylactic EBP has been shown to prevent 
PDPH reliably when the puncture has been made 
with larger needles such as extradural needles, 
and has been justified because of the high 
incidence of PDPH (70%) which require blood 
patching [29, 30]. Routine use of prophylactic 
EBP results in some patients unnecessarily re- 
ceiving an EBP. 

Although EBP is an effective treatment for 
PDPH, it is invasive and unpleasant. In an 
attempt to reduce the incidence of PDPH after 
spinal anaesthesia, attention has focused recently 
on the development and use of very fine spinal 
needles. Ultra fine needles (30-gauge) have proved 
difficult to use, identification of CSF is elusive 
and frequently the spinal block has proved 
inadequate [31]. Such needles have been regarded 
as unsuitable for routine use in obstetric patients, 
although they are associated with headache-free 
lumbar puncture. Twenty-nine-gauge needles 
have proved easier to use and have been more 
successful, with a similar failure rate and a lower 
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incidence of PDPH than that observed with use of 
26-gauge needles (1.4% and 3.7%, respectively 
[32]). No severe headaches were recorded and no 
patient required an EBP. Using a 29-gauge needle, 
Carrie did not observe significant PDPH in 163 
obstetric patients [33], but two of the 18 patients 
in whom a 29-gauge needle was used by 
Fitzgibbon developed a PDPH which required an 
EBP [34]. 

Recently, interest has been rekindled in the use 
of “blunt” needles in which there is no cutting 
point, the dural fibres being parted by the rounded 
but tapering tip of the needle. The 20-gauge 
Whitacre needle was associated with a lower 
incidence of PDPH compared with a similar size 
of Quincke point needle [35, 36]. Laboratory 
studies have shown that in vitro CSF leakages 
caused by a 22-gauge Whitacre and by a 26-gauge 
Quincke point needle are similar [4,5]. These 
findings have been substantiated by clinical 
studies [37, 38]. More recently, several smaller 
diameter Sprotte (24-gauge) and Whitacre (25- 
and 27-gauge) needles have become available 
and preliminary clinical studies have confirmed 


‘their ability to reduce the incidence of PDPH 


without compromising the ease of administration 
of spinal anaesthesia [39—41]. In this issue, Lynch 
and colleagues report on the low incidence of 
PDPH after use of 25- and 22-gauge Whitacre 
needles [42]. The incidence of headache was 
reduced in association with the finer gauge | 
needles, but the difference was not statistically 
significant. 

Clearly, PDPH is an undesirable complication 
to be avoided if possible. All patients undergoing 
spinal anaesthesia must be informed of the risks of 
PDPH and that safe and effective treatment exists, 
should one develop. No patient should be sub- 
jected to PDPH for more than 24h without the 
anaesthetist being informed and EBP being 
considered. PDPH is a confusing entity as there 
are no universally agreed definitions and different 
investigators apply different criteria. To confirm 
the benefits of the use of fine, pencil-point needles, 
subsequent studies must define the PDPH clearly 
in terms of duration and severity and be applied to 
a population at equal risk of headache. Large 
numbers of patients should be studied because of 
the expected low incidence of PDPH associated 
with currently available needles. It may transpire 
that, in routine clinical practice, pencil-point 
needles will combine the strength and “feel” of 
the larger needle with the neglible incidence of 
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PDPH associated with the fine, 29-gauge Quincke 


point needle. 
J. A. Reid and J. Thorburn 
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EFFECTS OF EXTRADURAL BUPIVACAINE WITH 
ADRENALINE FOR CAESAREAN SECTION ON 
UTEROPLACENTAL AND FETAL CIRCULATION 


S. ALAHUHTA, J. RASANEN, R. JOUPPILA, P. JOUPPILA AND 


A. I. HOLLMEN 


SUMMARY 


We have studied the effects of an extradural 
block using bupivacaine with adrenaline 90- 
700 ug on blood flow in the maternal uterine and 
placental arcuate arteries and the fetal umbilical, 
renal and middle cerebral arteries, using a colour 
Doppler technique in eight healthy parturients 
undergoing elective Caesarean section. Fetal 
myocardial function was investigated simultan- 
eously by M-mode echocardiography. Maternal 
heart rate increased and diastolic arterial pressure 
decreased after extradural administration of 
bupivacaine with adrenaline. The latter effect was 
relieved by increasing the infusion rate in every 
case and none of the patients required vaso- 
pressors. There were no significant differences in 
maternal or fetal blood velocity waveforms, and 
no significant changes were found in any of the 
fetal myocardial measurements relative to control 
values. These observations suggest that extra- 
dural anaesthesia using bupivacaine with adrena- 
line does not have an adverse effect on vascular 
resistance in the uteroplacental or fetal circula- 
tions or on fetal myocardial function in normal 
pregnancy when bupivacaine—adrenaline is ad- 
ministered fractionally and maternal hypotension 
is prevented by rapid crystalloid volume loading. 


KEY WORDS 


Anaesthesia, obstetric: Caesarean section. Anaesthetic tech- 
nique: extradural. Measurement techniques: Doppler ultra- 
sonics, echocardiography. Placenta: blood flow velocity. 
Uterus: blood flow, adrenaline. 


The addition of adrenaline to extradural bupiv- 
acaine for Caesarean section may improve the 
quality of the block [1]. Extradural adrenaline has 


been reported to prolong the duration of analgesia 
and to delay maternal hypotension and reduce its 
degree [2]. Although no clinical study in humans 
has demonstrated deleterious effects on the fetus 
or the neonate, systemic absorption of adrenaline 
from the extradural space may reduce utero- 
placental blood flow [3, 4]. A small i.v. bolus of 
adrenaline is associated with reductions in uterine 
blood flow in pregnant sheep [5]. We have 
examined, therefore, the effects of an extradural 
block using bupivacaine with adrenaline for 
elective Caesarean section on blood flow velocity 
waveforms in uteroplacental and fetal vessels and 
simultaneously assessed fetal myocardial function 
by M-mode echocardiography. 


PATIENTS AND METHODS 


After approval from the local Ethics Committee 
and informed patient consent, we studied eight 
parturients at term scheduled for elective 
Caesarean section under extradural anaesthesia. 
All were healthy, had an uncomplicated singleton 
pregnancy and were to be delivered by Caesarean 
section because of fetal breech presentation or 
feto—pelvic disproportion. 

Before the first ultrasound examination in the 
operating theatre, an extradural catheter was 
inserted via the L2-3 or L3—4 interspace with the 
patient in the left lateral position. No local 
anaesthetic solution was injected. Oxygen 
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3 litre min“! was administered via a mask 
(Hudson). Maternal ECG was monitored con- 
tinuously and arterial pressure and heart rate were 
recorded at 5-min intervals using an automated 
non-invasive arterial pressure monitor. 

The first ultrasound measurement, with a 
Toshiba SSA-270 colour Doppler instrument 
with a 3.75-MHz sector probe, was performed 
before prehydration; the technique has been 
described in detail previously [6]. Pulsatility 
indices (PI) were derived for the blood velocity 
waveforms of the maternal uterine artery (main 
branch on the placental side of the uterus), the 
placental arcuate artery and the fetal umbilical, 
middle cerebral and renal arteries. The fetal heart 
rate was derived from the umbilical Doppler 
signal. 

An M-mode echocardiographic examination 
was performed by directing the transducer per- 
pendicular to the ventricular septum and position- 
ing the M-line through the chambers at the level 
of the atrioventricular valves. The end-systolic 
(ES) and end-diastolic (ED) inner diameters of 
the ventricles were measured and the fractional 
shortenings of the ventricles (ED—ES)/ED) 
were calculated. Mean circumferential shorten- 
ings of the ventricles were calculated from the 
fractional shortenings (CED —ES)/ED x duration 
of systole), The inner end-diastolic dimension 
was used to determine the size of the fetal heart, 
and fractional and mean circumferential shorten- 
ings of the ventricles were obtained to evaluate the 
functional properties of the heart. The pulmonary 
trunk and ascending aorta of the fetus were 
identified by colour Doppler in short axis and five 
chamber views. The systolic peak velocities in the 
pulmonary artery and the aorta were measured by 
means of the pulsed Doppler system at a point 
immediately distal to the valve leaflets. Only an 
angle of less than 5° between the direction of the 
transducer beam and the estimated direction of 
flow was regarded as acceptable. Each series of 
measurements took an average of 25 min (range 
19-33 min) and were performed by the same 
obstetrician (J.R.). All the blood flow velocity 
waveform recordings were obtained during 
periods of fetal rest without breathing movements 
with the mother in a semi-left lateral position. 

Before the extradural test dose, 1 litre of 
balanced electrolyte solution (Ringersteril, 
Medipolar, Finland) was infused rapidly i.v.; 
while the full dose of commercially available 
0.5% bupivacaine with adrenaline 1:200000 was 
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taking effect, a further 1 litre of electrolyte 
solution was infused. The time needed for the 
infusion of 2litre of preload solution was 
recorded. 

Bupivacaine—adrenaline was injected fraction- 
ally in order to reach the T5 level. In four patients 
in whom the height of the block was below T5 
after 20 ml of 0.5% bupivacaine with adrenaline, 
an additional dose of 0.5 % plain bupivacaine was 
given. 

Maternal arterial pressure was measured every 
2min from induction until delivery. Maternal 
hypotension, defined as a reduction in systolic 
arterial pressure of more than 30 mm Hg relative 
to the control value (minimum systolic arterial 
pressure recorded in the operating theatre before 
preloading) or a systolic arterial pressure of less 
than 100 mm Hg, was treated by increasing the 
infusion. When sensory analgesia had reached the 
T5 level the ultrasound examination was repeated 
by the same methods and with the same targets as 
at the control stage. Each patient provided her 
own baseline readings. At delivery, Apgar scores 
were noted and samples of umbilical arterial and 
venous blood were taken for the measurement of 
acid-base status. 

Data were analysed with a Macintosh II 
computer using the Stat View 512+ statistical 
package. Student’s t test for paired data was used. 
The analysis was two-tailed, and P < 0.05 was 
considered statistically significant. Values are 
expressed as mean (SD). 


RESULTS 


One of the women had to be given a general 
anaesthetic after skin incision and before the 
abdominal cavity was entered. The perinatal data 
on her offspring were excluded. 

One of the patients was given adrenaline 125 pg 
in the bupivacaine solution by mistake, while for 
all the other patients the dose varied between 90 
and 100 ug. The total amount of bupivacaine 
administered was 113.7 mg (range 90-135 mg). 
The first 1 litre of electrolyte solution was infused 
in 11 min (range 8-14 min) and the second in 
44 min (range 20-63 min). 

Mean maternal diastolic arterial pressure was 
less than the control value throughout the period 
studied. The maximum reduction in diastolic 
arterial pressure, which was also significant, 
occurred during the establishment of extradural 
block (table I). There was no significant change in 
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TABLE I. Maternal haemodynamics data. Smallest values (mean SD)) before prehydratton (control) (1), during the establishment 
of extradural anaesthesia (2), and at the beginning of (3) and during (4) the second Doppler examination. P values indicate sigmfi- 
cance of difference from control measurement 





1 P 2 P 3 P 4 
Systolic arterial 129 (13.5) 0.125 120 (11.3) 0,953 129 (12.8) 0.452 118 (11.1) 
pressure (mm Hg) 
Diastolic arterial 75 (8.6) 0.015 62 (9.9) 0.090 64 (15.6) 0.086 65 (14.1) 
pressure (mm Hg) 
Maternal heart 77 (12.0) 0.233 81 (12.4) 0.018 87 (12.3) 0.375 80 (11.0) 


rate (beat min!) 


TABLE II. Mean (sp) fetal heart rate and blood velocity wave- 

form indices (pulsatility index) for the maternal uterine, pla- 

cental arcuate and fetal umbilical, middle cerebral and renal 

arteries before and after extradural anaesthesia with buptva- 
caine contatning adrenaline 


Before After 
extradural extradural P 
Fetal heart rate 138 (13.4) 132 (14.8) 0.286 
(beat min™1) 
Pulsatility index 
Uterine artery 0.75 (0.19) 0.83 (0.18) 0.193 
Arcuate artery 0.45 (0.90) 0.47 (0.75) 0.756 
Umbilical artery 0.81 (0.17) 0.84(0.18) 0.635. 
Middle cerebral 1.36 (0.28) 1.36 (0.21) 0.919 
artery 
Renal artery 2.15 (0.35) 1.97 (0.27) 0.319 


mean maternal systolic arterial pressure. None of 
the patients became hypotensive or received a 
vasopressor drug. Mean maternal heart rate 
increased during the procedure, the change being 
greatest, and also significant, at the beginning of 
the second ultrasound examination (table I). 


Mean maternal uterine, placental arcuate and 
fetal umbilical PI values and mean PI for the fetal 
renal or middle cerebral artery did not change 
significantly at any time (table II). There were no 
significant differences relative to control values in 
any fetal myocardial measurement. The systolic 
peak velocities of the pulmonary trunk and 
ascending aorta remained stable throughout. 
There was no change in the mean fetal heart rate 
after extradural anaesthesia with bupivacaine 
containing adrenaline (table ITI). 

The mean birth weight of the neonates was 
3718 (762) g. All had Apgar scores of 9 or 10 at 
5 min. The smallest pH values in the umbilical 
venous and arterial blood were 7.36 and 7.24, 
respectively. 


DISCUSSION 


The advent of colour Doppler techniques, pro- 
viding a non-invasive method for locating the 
uterine and fetal vessels exactly, has enabled 
reliable, detailed evaluation of the haemody- 
namics of maternalfetal-placental units and 


TABLE III. Changes in fetal myocardial contractility and in ventricular sizes (mean (SD)) before and 
after extradural anaesthesia with bupivacaine containing adrenaline. IDD = inner end-diastolic dimension 


Left ventricle 
Fractional shortening (%) 
Mean circumferential 
shortening (circ 371) 
IDD (mm) 
Right ventricle 
Fractional shortening (%) 
Mean circumferential 
shortening (circ s7}) 
IDD (mm) 
Pulmonary trunk 
Systolic peak velocity (cm s~!) 
Ascending aorta 
Systolic peak velocity (cm s7!) 





Before After P 

extradural extradural 

33.6 (3.1) 34.6 (3.8) 0.517 
1.31 (0.16) 1.35 (0.19) 0.407 
18.5 (1.7) 19.1 (2.0) 0.145 
30.4 (2.0) 28.6 (3.3) 0.111 
1.16 (0.15) 1.06 (0.18) 0.121 
19.2 (2.7) 19.2 (1.6) 0.983 
80.9 (11.2) 74.3 (11.1) 0.065 
94.0 (15.5) 90.5 (15.6) 0.239 





UTEROPLACENTAL AND FETAL CIRCULATIONS 


short-term alterations in this respect. The record- 
ing of blood velocity waveforms in these vessels 
enables comprehensive simultaneous measure- 
ment of the uteroplacental and fetal circulation 
systems. Special indices such as PI, as used here, 
correlate directly with peripheral vascular re- 
sistance [7]. Technical improvements have also 
made it possible to image the fetal heart by real- 
time-directed M-mode echocardiography and ob- 
tain information on fetal myocardial contractility 
and ventricular size [8]. The present study 
involved the simultaneous evaluation of maternal 
uterine blood flow velocity and fetal haemo- 
dynamics during extradural anaesthesia in as 
comprehensive a manner as possible using modern 
Doppler technology. 

The results show that extradural bupivacaine 
with adrenaline for elective Caesarean section in 
healthy parturients did not alter uteroplacental or 
fetal haemodynamics. Using functional placental 
scintigraphy, Skjöldebrand and co-workers [3] 
demonstrated a median decrease of 34% in 
placental blood flow after extradural bupivacaine— 
adrenaline. This method measures the utero- 
placental blood flow volume, while the Doppler 
method measures vascular resistance in the uter- 
ine arteries. Both have been validated in several 
clinical studies, but to our knowledge they have 
not been compared. 

There are also differences in anaesthetic man- 
agement between these two series which may 
explain the conflicting results. First, Skjdidebrand 
and others gave 10 ml/kg body weight of balanced 
electrolyte solution as a preload while we used 
approximately 25 ml/kg body weight; second, we 
performed the infusion more rapidly to achieve 
maximal expansion in plasma volume. A recom- 
mended fluid load before instituting regional 
block for Caesarean section is 1000-2000 ml [9], 
or at least 30% of the calculated pregnant blood 
volume—at least 1500 ml [10]. Third, although 
the doses of adrenaline used by Skjöldebrand and 
colleagues were smaller (45-55 ug vs 90-100 pg) 
they administered the main dose of bupivacaine 
(15 or 19 ml) with adrenaline (37.5 or 47.5 ug) by 
rapid bolus injection, while we gave it in fractional 
amounts. Our results are consistent with some 
other previous reports, however, in that there 
were no changes in either uterine or umbilical 
artery blood flow waveforms after extradural 
lignocaine~adrenaline [11], the indices of um- 
bilical artery waveforms remained unchanged 
when chloroprocaine was used with adrenaline 
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[12] and an increase in blood flow in the fetal 
descending aorta was reported by Lindblad and 
colleagues after extradural bupivacaine containing 
adrenaline, but no change after etidocaine with 
adrenaline [13]. In all these cases the volume of 
crystalloid solution administered was at least 
1500 ml. 

The decrease in maternal diastolic arterial 
pressure observed here occurred before com- 
pletion of administration of local anaesthetic, 
whereas the maximal increase in maternal heart 
rate took place later, just before the second 
ultrasound examination. These changes could 
result not only from the extradural block itself but 
from the beta-adrenergic effects of the adrenaline 
added to the local anaesthetic solution. The beta- 
adrenergic stimulation produced by a low adren- 
aline concentration reduces peripheral resistance 
and increases heart rate because of direct cardiac 
stimulation and increased venous return [14]. In a 
recent study, beta-2 mediated vasodilatation was 
found after extradural bupivacaine with adrena- 
line for Caesarean section without any significant 
changes in maternal heart rate or cardiac output 
[15]. The cardiovascular effects of adrenaline 
occur shortly after extradural injection and last 
for 60 min [16]. Our results conform with these 
observations. 

We did not measure maternal or cord blood 
catecholamine concentrations. Maternal plasma 
concentrations of adrenaline have been reported 
previously to be increased relative to the ante- 
partum values [17] during elective Caesarean 
section (without antecedent labour) under extra- 
dural anaesthesia with an adrenaline-free agent. 
Adrenaline concentrations decreased during extra- 
dural Caesarean section when the contro! values 
were taken as those recorded immediately before 
administration of the extradural block [18]. Pre- 
vious research has demonstrated the presence of 
catecholamine-metabolizing enzymes, mono- 
amine oxidase [19] and catechol-O-methyltrans- 
ferase [20], in the human placenta, the activity of 
the last of these being 20-fold at the maternal 
surface of the placenta compared with that of the ` 
fetus [21], indicating that these enzymes seem to 
play a role in defending the fetus from maternal 
circulating catecholamines. Our finding that 
adrenaline given to a mother with an uncompli- 
cated pregnancy has no effect on the fetus is in 
agreement with these findings. 

There is concern that systemic absorption of 
the adrenaline added to extradural bupivacaine 
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for Caesarean section may reduce uteroplacental 


blood flow, but the present results suggest that it 
has no adverse effects on vascular resistance in the 
uteroplacental and fetal circulations or in fetal 
myocardial function if bupivacaine-adrenaline is 
administered fractionally and if an anaesthetic 
technique is used with sufficient volume loading. 
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EFFECT OF ADRENALINE ON EXTRADURAL 
ANAESTHESIA, PLASMA LIGNOCAINE CONCENTRATIONS 
AND THE FETO-PLACENTAL UNIT DURING ELECTIVE 


CAESAREAN SECTION 


A. J. McLINTIC, F. H. DANSKIN, J. A. REID AND J. THORBURN 


SUMMARY 


Extradural anaesthesia was induced with either 
2% lignocaine or 2% lignocaine with adrenaline 
71:200000 in 20 patients undergoing elective 
Caesarean section. With the adrenaline-contain- 
ing solution, a smaller dose of lignocaine was 
required to produce an adequate block and the 
lignocaine concentrations in both mother and 
neonate were significantly smaller compared 
with the plain solution. Arterial pressures were 
less in the adrenaline group, but there was no 
difference in umbilical flow velocity waveform, 
fetal heart rate or fetal outcome. Neither feto— 
placental circulation nor fetal outcome were 
affected adversely by episodes of hypotension or 
the ephedrine used for treatment. 


KEY WORDS 


Anaesthesia: obstetric. Anaesthetic techniques: extradural. 
Placenta: umbilical blood flow. 


Although bupivacaine is the agent used most 
commonly for Caesarean section under extradural 
anaesthesia in the U.K., lignocaine has been 
shown to be an effective alternative and confers 
certain advantages over bupivacaine in this con- 
text [1]. With a lower pK. lignocaine has a 
shorter latency of effect which facilitates dose 
titration and reduces preoperative preparation 
time [1, 2]. In addition, intractable cardiovascular 
toxicity has not been associated with the use of 
lignocaine, but is an important toxic effect of 
bupivacaine [3]. It has been shown, in contexts 
other than Caesarean section, that the efficacy of 
extradural lignocaine may be improved further if 


me an adrenaline-containing solution is used [4—6]. 


The aim of this study was to determine if a 
lignocaine and adrenaline solution has advantages 


over a plain lignocaine solution when used to 
provide extradural anaesthesia for Caesarean 
section. The comparison between the techniques 
was made in terms of anaesthetic characteristics, 
plasma concentrations of lignocaine, maternal and 
fetal haemodynamics and fetal outcome. 


PATIENTS AND METHODS 


We studied 20 healthy women undergoing elective 
Caesarean section. The study was approved by 
the Ethics Committee of The Queen Mother’s 
Hospital and all patients gave informed consent. 
The indication for elective Caesarean section was 
either repeat Caesarean section or breech pres- 
entation. There was no evidence of preoperative 
fetal compromise or maternal disease. 

Patients were given ranitidine 150 mg by mouth 
on the evening before and on the morning of 
surgery. Before extradural anaesthesia was in- 
duced, patients were pre-loaded with Hartmann’s 
solution 1 litre. They were then allocated ran- 
domly to receive either 2 % plain lignocaine (group 
A; n=10) or 2% lignocaine with adrenaline 
1:200000 (group B; n = 10). Both patient and 
investigator were blind to the identity of the 
solution used. With the patient in either the 
sitting or lateral position, a 20-gauge extradural 
catheter was inserted via an 18-gauge Tuohy 
needle at L3-4. The extradural space was ident- 
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ified using loss of resistance with local analgesia 
comprising 0.5% prilocaine 2 ml. Extradural 
block was then induced with the patient in the left 
lateral position. An initial test dose of 3 ml of the 
allocated solution was followed by a 10-ml dose 
after 5 min. At 5-min intervals thereafter the level 
of anaesthesia to pinprick was assessed and further 
increments given according to the extent of 
spread, This was continued until an adequate 
block was achieved (loss of pinprick sensation 
from S5 to T6 bilaterally). The time taken to 
achieve an adequate block (measured from the 
time of test dose), the total dose of lignocaine used 
to produce the block, and the time at which 
further analgesia was required were recorded. 
Arterial pressure and heart rate were measured 
using a 2200 I Datascope at 1-min intervals from 
the time of catheter insertion. The incidence of 
significant hypotension (systolic arterial pressure 
<90 mm Hg) was noted. Hypotension was 
treated by increasing the rate of infusion and, if 
necessary, by a bolus dose of ephedrine 6 mg. 
The feto—placental circulation was assessed 
using Doppler velocimetry. When placental vas- 
cular resistance increases, the umbilical artery 
flow decreases [7]. This is reflected in a reduction 
in diastolic flow velocity and Doppler frequency. 
The resulting changes in the umbilical arterial 
flow velocity waveform may be assessed quan- 
titatively by measuring the peak systolic: mini- 
mum diastolic velocity ratio (A:B ratio) and the 
pulsatility index (PI) (fig. 1). An increase in one 
of these values reflects an increase in flow 
resistance within the vascular bed distal to the site 


Maximum systolic velocity 
Minimum diastolic velocity 
A-B 

A 2. Pl= Mean 
(maximum) ~ 





1. A:B ratio = 








FD 





B (minimum) > 





Time 
Fia. 1. Characteristic umbilical artery flow velocity waveform 
showing derivation of A:B ratio and pulsatility index (PI). 
The Doppler frequency shift (FD) is directly proportional to 
flow velocity. 
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of measurement [7, 8]. As the end-diastolic vel- 
ocity varies with fetal heart rate (FHR), changes 
in the A:B ratio may reflect changes in FHR and 
changes in placental resistance [9]. Therefore, 
A:B ratios were corrected for FHR using a modal 
heart rate of 140 beat min™ and the method 
described by Mires and colleagues [9]. As the 
importance of this correction is contentious when 
the FHR is within normal limits, results are given 
in both corrected and uncorrected forms [10]. 

Studies were performed using a Doptek 4~-MHz 
continuous wave Doppler system with on-line 
spectral analysis. Measurements were made with 
the patient in the modified supine position. The 
umbilical artery was located using two- 
dimensional ultrasonography. The Doppler trans- 
ducer was orientated so that the umbilical arterial 
signal had maximum amplitude and minimum 
artefact and could be displayed together with the 
venous trace. Five consecutive waveforms were 
recorded at the following times: before insertion 
of the extradural catheter, immediately before 
Caesarean section, during episodes of hypotension 
and after administration of ephedrine. Calculation 
of the mean A:B ratios, PI and FHR were carried 
out using on-board custom-written software. 

Maternal venous blood samples were taken 
from the non-infusion arm before the test dose, at 
10-min intervals from the time at which an 
adequate block was achieved and immediately 
after delivery. Umbilical arterial and venous blood 
samples were taken immediately after delivery for 
blood-gas and plasma lignocaine analysis. Sam- 
ples for lignocaine assay were stored at 4 °C after 
centrifugation and plasma separation. Lignocaine 
assay was carried out by a solvent extraction 
method using high pressure liquid chromato- 
graphy [11]. Neonatal Apgar scores were recorded 
at 1 min and 5 min. 


Statistics 

Statistical evaluation of the data was carried out 
using the Minitabs Release 7.1 statistical package. 
Data were analysed by Student’s t test, chi-square 
and Mann-Whitney U test where appropriate. 


P < 0.05 was considered significant. Values are 
expressed as mean (SD). 


RESULTS 


One patient in group B required spinal anaesthesia _ 
after failure to achieve a level of block above T10. ` 
Her results were not included in the analysis. 
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TABLE I. Patient characteristics (mean (range or SD)). No significant differences between groups 


n Age (yr) 
2% Lignocaine 10 29.0 (19-37) 
2% Lignocaine+ 9 29.3 (17-37) 


adrenaline 


Gestation Weight Height 
(weeks) (kg) (m) 

38.4 (0.88) 55.3 (8.44) 1.59 (0.05) 

38.8 (1.32) 62.1 (13.95) 1.62 (0.09) 


TABLE II. Characteristics of extradural anaesthesia. Mean (SD or, median and range) 


2% Lignocaine 


2% Lignocaine +adrenaline 
(n = 10) (n=9) P 
Dose required (mg) 493 (64.2) 400 (108) < 0.05 
Onset time (min) 35.8 (17.00) 29.9 (9.14) ns 
Time to further 92.9 (86; 11-220) 237 (100; 12—694) ns 
analgesia (min) 


Tase II. Mean (SD) maternal and umbilical vein plasma concentrations of lignocaine, and plasma lignocaine concentration 
(mg litre!) : dose (mg) ratio calculated using peak (30 min) plasma concentration of lignocaine 


Lignocaine concn (pg ml!) 











‘Time after onset (min) 


10 20 30 
2% Lignocaine 1.309 1.715 2.22 
(n = 10) (0.521) (0.660) (0.556) 
2% Lignocaine 0,542 0.854 1.317 
+adrenaline (0.349) (0.511) (0.570) 
(n=9) 
P < 0.005 < 0.005 < 0.02 


Umbilical 

vein: Plasma 

Umbilical maternal concn 

40 vein vein ratio dose ratio 

2.03 1.411 0.600 0.0047 
(0.649) (0.573) (0.17) (0.0012) 
0.78 0.804 0.605 0.0034 
e 370) (0.29) (0.0012) 

— < 0.02 ns < 0.024 





There was no significant difference in the mean 
age, weight, height or gestation of the patients in 
the two groups (table I). The mean dose of 
lignocaine required to produce an adequate block 
in group A was 493 (sp 64.2)mg; this was 
significantly greater than that required in group B 
(400 (108) mg) (P < 0.05). The mean time taken 
to produce an adequate block in each group was 
35.8 (17.0) min in group A and 29.9 (9.14) min in 
group B (ns). The mean time interval between 
establishing an adequate block and the first 
analgesia requirements was 92.9 min (median 
86 min, range 11-220 min) in group A and 
237 min (median 100 min, range 12-694 min) in 
group B (ns) (table ID. 
Plasma concentrations of lignocaine were sig- 
= nificantly greater in group A at each time interval, 
except at 40 min where there were insufficient 
numbers in group B to make statistical comparison 





(table III). Umbilical venous plasma concentra- 
tions were also significantly greater in group A 
(1.411 (0.573) ug mi-+ compared with 0.804 
(0.370) pg ml“? (P < 0.02)). There was no dif- 
ference in the umbilical venous to maternal venous 
lignocaine concentration ratio between the two 
groups. The peak plasma lignocaine concentra- 
tion: dose ratio was significantly greater in group 
A than in group B (0.0047: 1 (0.0012) vs 0.0034:1 
(0.0012) (P < 0.024)). 

Systolic and diastolic arterial pressures in group 
A were greater than those in group B, although 
the difference reached significance only at 15 min 
(fig. 2). There was no significant difference in the 
incidence or duration of systolic hypotension of 
90 mm Hg or less (six patients in group A with a 
mean duration of 2.2 min and nine in group B 
with a mean duration of 2.8 min) or in the 
requirement for ephedrine (four in group A and 
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AP (mm Hg) 


10 
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HR (beat min7?) 
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Time (min) 
Fic, 2. Maternal heart rate (HR) and arterial pressure (AP) 
during extradural anaesthesia (mean, sD). Time 0 min is 
immediately before first dose of local anaesthetic. =2% 
Lignocaine; —-~- = 2% lignocaine + adrenaline. * P < 0.05. 





five in group B). There was no significant 
difference in the maternal heart rates between the 


two groups. 
Feto—placental unit 


Extradural anaesthesia (with or without the 
adrenaline-containing solution) did not signifi- 
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cantly alter the A:B ratio, corrected A:B ratio, PI 
or FHR (table IV). There was no difference in 
umbilical arterial pH or Apgar scores between the 
two groups. A:B ratios, PI and FHR were not 
altered significantly during episodes of hypo- 
tension or after treatment with ephedrine (table 
V). The umbilical arterial pH and Apgar scores of 
neonates from mothers who had had hypotensive 
episodes were not significantly different from 
those of neonates from mothers who had remained 
normotensive throughout the procedure (table 


VI). 


Complications 

Transient symptoms suggestive of lignocaine 
toxicity (nasal paraesthesiae) occurred in one 
patient in group A at a plasma concentration of 
lignocaine 2.09 ug ml“. One patient in group B 
experienced pain when the uterus was exteriorized 
after delivery and required general anaesthesia to 
complete surgery. 


DISCUSSION 


The principal effects of adrenaline in local 
anaesthetic solutions are to reduce local blood 
flow, limit systemic absorption of local anaesthetic 
and enhance neuronal uptake [4, 12], resulting in 
an increased depth of analgesia for a given dose 
[2]. We were not surprised to find, therefore, that 
the mean dose of lignocaine required to produce a 
satisfactory block for Caesarean section was 
significantly smaller in those who had received the 
adrenaline-containing solution. The potential for 
maternal lignocaine toxicity is high in Caesarean 
section because large doses are used over a short 


TABLE IV. Feto-placental unit. FHR = fetal heart rate; U = uncorrected for FHR: C = corrected for FHR. Mean values (SD). 
No significant differences between groups 


No. of patients 





A:B ratio Pulsatility index FHR (beat min“) with Apgar 
Umbilical scores <8 
Before Before Before Before Before Before arterial  —— 
extradural surgery extradural surgery extradural surgery pH imin 5 min 
2% Lignocaine . U 2.15 2.30 0.89 0.89 143.5 136.2 7.26 1 0 
(n = 10) (0.39) (0.50) (0.20) (0.17) (9.23) (19.39) (0.18) 
Cc 2.19 2.26 
(0.27) (0.54) 
2% Lignocaine U 2.11 2.20 0.82 0.82 141.1 140.9 7.28 0 0 
+adrenaline (0.25) (0.29) (0.12) (0.12) (11.39) (11.96) (0.10) 
(= 9) C 2.12 2.11 
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TABLE V. Effect of hypotension and ephedrine on A:B ratio, pulsatility index and fetal heart rate 
(FHR) (mean (sp)). U = Uncorrected for FHR; C = corrected for FHR. No significant differences 








between groups 
Before After Before 
extradural Hypotension ephedrine surgery 
(n = 20) (nm = 15) (n= 9) (n = 19) 
A:B ratio 
U 2.08 (0.32) 2.22 (0.24) 2.15 (0.21) 2.14 (0.32) 
C 2.09 (0.21) 2.07 (0.25) 2.00 (0.21) 2.07 (0.22) 
Pulsatility 0.91 (0.16) 0.94 (0.13) 0.89 (0.08) 0.82 (0.14) 
index 
FHR 141.5 (10.44) 132.9 (12.80) 129.2 (17.49) 138.1 (14.20) 
(beat min`?) 





TABLE VI. Comparison of fetal outcome where mothers have 
been hypotensive with that where mothers have been entirely 
normotensive (mean (SD)). No significant differences between 





groups 
No. of patients with 
Apgar scores <8 
Umbilical —_ 
arterial pH 1 min 5 min 
Normotensive 7.29 (0,29) 0 0 
(n= 4) 
Hypotensive 7.24 (0.07) 1 0 


(n= 15) 


time interval. Placental transfer of lignocaine also 
occurs readily and one (unconfirmed) report has 
described neonatal hypotonicity as a consequence 
[13]. It was important, therefore, to find that both 
maternal and neonatal plasma concentrations of 
lignocaine were reduced significantly when the 
adrenaline-containing solution was used. The fact 
that this was caused by reduced systemic ab- 
sorption rather than merely the smaller doses used 
in the adrenaline group was reflected in the lower 
plasma concentration:dose ratios. Lignocaine 
toxicity in adults may begin to occur at plasma 
concentrations of 5 ug ml and is manifest usually 
by central nervous system disturbance [14]. 
Plasma concentrations in this study were all 
considerably smaller than this value, including 
those in the patient who experienced nasal 
paraesthesia. 

The enhanced neuronal uptake afforded by 
adrenaline might have been expected also to 
produce the more rapid onset of block which 
Bromage and colleagues have shown with 2% 


<> lignocaine and Murphy and colleagues have 


shown with etidocaine [4, 5]. However, this effect 
has not been confirmed by all investigators and 


Abboud and colleagues have demonstrated a 
slowing of the onset of anaesthesia when adren- 
aline was used with 2 % lignocaine [15]. Although 
the difference did not reach statistical significance 
in our study, there was a trend towards faster 
onset of block when the adrenaline solution was 
used. 

One concern with the use of 2% lignocaine for 
Caesarean section is whether or not the duration 
of action is long enough to provide consistently 
complete analgesia throughout the operation. It is 
our experience that, if the block is adequate before 
the start of surgery, 2% lignocaine provides 
anaesthesia for the duration. In this study, the 
failure of anaesthesia which necessitated intra- 
thecal block was almost certainly caused by 
incorrect placement of the extradural catheter and 
that which necessitated general anaesthesia was a 
result of a combination of prolonged surgery with 
exteriorization of uterus. 

The addition of adrenaline to lignocaine for 
extradural analgesia in labour has been shown to 
prolong the duration of useful analgesia [6]. To 
determine if this was true also of the analgesia 
provided by extradural block in Caesarean sec- 
tion, we documented the time at which further 
analgesia was required. Again, although it ap- 
peared from the mean values that those who 
received the plain solution required analgesia 
earlier, the wide range of values within each group 
suggested that the difference from the adrenaline 
group was not significant. The trend towards a 
faster onset and longer duration of block in the 
adrenaline group was, however, in keeping with 
the distinct clinical impression that the dose was 
easier to titrate and the block more reliable when 
adrenaline was used. 

Several studies have examined the effect of 
adrenaline-containing extradural solutions on 
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maternal cardiovascular variables, but results have 
differed. Abboud and his co-workers have found 
that, while the addition of adrenaline to bupiv- 
acaine produced less hypotension, the incidence 
of hypotension was not affected when adrenaline 
was used with lignocaine solution [6, 15, 16]. 
Conversely, Bonica and colleagues showed that 
lignocaine and adrenaline solutions produced 
more hypotension (and faster heart rates) than 
plain lignocaine solutions [17]. These investi- 
gators believe that the haemodynamic differences 
may be attributed to the systemic beta-adrenergic 
effect of absorbed adrenaline. The cardiovascular 
changes caused by the adrenaline-containing 
solution in our study were similar to the findings 
of Bonica with smaller arterial pressures and an 
early (although not statistically significant) in- 
crease in heart rate. Beta-adrenergic stimulation 
might account fully for these differences as well, 
but a contributory factor could also have been 
the trend of the adrenaline group to have a 
faster onset of block and, therefore, more rapid 
peripheral vasodilatation. 

There has been uncertainty regarding the effect 
of systemically absorbed adrenaline on the feto- 
placental circulation [18-21]. In this study the 
influence of anaesthetic technique on umbilical 
blood flow was assessed by measuring indices of 
placental resistance. This has been used suc- 
cessfully to predict acute and chronic fetal 
compromise [7, 22, 23]. It was important to find, 
therefore, that not only was the placental flow 
resistance unaltered by extradural anaesthesia 
itself, but also it was unaffected by the use of the 
adrenaline-containing solution. Adequacy of um- 
bilical blood flow was supported by the fact that 
fetal outcome (in terms of umbilical arterial pH 
and Apgar scores) was the same whether adren- 
aline was used or not. In addition, neither the 
short-lived episodes of hypotension nor the eph- 
edrine used for treatment had an adverse effect on 
umbilical blood flow or fetal outcome. Although 
this could have been the result of prompt detection 
and treatment, there is evidence that an auto- 
regulatory mechanism exists within the umbilical 
circulation which may compensate for brief 
changes in maternal pressure [24]. 


We conclude that, while 2% lignocaine may 
provide satisfactory extradural anaesthesia for 
elective Caesarean section, addition of adrenaline 
1:200000 to the solution has several advantages: 
it reduces dose requirements, plasma concentra- 
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tions of lignocaine and, probably, the time to 
onset of satisfactory block, without adverse effects 
on mother or fetus. 
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USE OF A 25-GAUGE WHITACRE NEEDLE TO REDUCE THE 
INCIDENCE OF POSTDURAL PUNCTURE HEADACHE 


J. LYNCH, I. KRINGS-ERNST, K. STRICK, K. TOPALIDIS, H. SCHAAF 


AND M. FIEBIG 


SUMMARY 


We studied 200 orthopaedic inpatients (111 
males) aged 15-84 yr who received spinal an- 
aesthesia with one of two types of Whitacre 
spinal needle: 22-gauge or 25-gauge. The 
incidence of headache, backache, failure of 
spinal anaesthesia and patient acceptability was 
investigated using a questionnaire. The incid- 
ence of postdural puncture headache (PDPH) 
was 4% in the 22-gauge group and 2% in the 
25-gauge group. The incidence of backache and 
headache of other origin was similar in both 
groups. Spinal anaesthesia was carried out 
successfully in all patients in both groups. Patient 
acceptance was high (98%) and there were no 
serious complications observed. We conclude 
that spinal anaesthesia is easy to perform with a 
25-gauge pencil-point needle and is associated 
with a low incidence of PDPH. 


KEY WORDS 


Anaesthetic techniques: regional, spinal. Complications: 
headache. Equipment: Whitacre spinal needle (25-gauge). 


The occurrence of postdural puncture headache 
(PDPH) after spinal anaesthesia limits wider use 
of this useful method of anaesthesia [1]. While the 
size of the needle is important in the aetiology of 
PDPH, the configuration of the needle tip has 
received increasing attention in recent years [2] 
and has led to revival of interest in the Whitacre 
needle. This has been supported by reports of a 
low incidence of PDPH in clinical studies using 
Whitacre spinal needles [3,4]. Recently a 25- 
gauge version has become available. It is thought 
that a smaller pencil-point needle may possess the 
low incidence of PDPH associated with extreme 
fine gauge Quincke needles (e.g. 29-gauge) while 
retaining the ease of handling of the larger 22- 


gauge Whitacre needle [5]. In a controlled study 
of 200 orthopaedic patients, we have compared 
the 25-gauge needle with the 22-gauge Whitacre 
needle for incidence of PDPH, backache, failure 
to achieve spinal anaesthesia and patient accept- 
ance. 

PATIENTS AND METHODS 


After obtaining informed consent and approval 
from the hospital Ethics Committee, we studied 
200 inpatients (ASA I-III) aged 15-84 yr under- 
going elective orthopaedic procedures. Patients 
were allocated randomly to receive spinal anaes- 
thesia with either a 22-gauge Whitacre (Becton 
and Dickinson (BD) o.d. 0.7 mm) or a 25-gauge 
Whitacre needle (BD, o.d. 0.5 mm). 
Premedication consisted of flunitrazepam 
0.03 mg kg! orally 1-2h before induction of 
anaesthesia. Spinal anaesthesia was performed 
using a midline approach at the L3—4 interspace in 
the lateral position for most patients using one of 
the above spinal needles. The sitting position was 
adopted or the L2-3 interspace was used for 
spinal puncture when indicated clinically. A 20- 
gauge introducer (Braun, Germany) was used at 
the discretion of the individual anaesthetist. 
Subcutaneous infiltration with 1% mepivacaine 
was performed with a short 27-gauge needle to 
facilitate spinal puncture. Hyperbaric 0.5% 
bupivacaine 2—4 ml or hyperbaric 5% lignocaine 
1-2 ml was used throughout and the orifice of the 
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POSTDURAL PUNCTURE HEADACHE AND WHITACRE NEEDLES 


TABLE I. Patient characteristics (mean (SD) [range]) from two 
groups of patients receiving spinal anaesthesia with a 22- or a 
25-gauge Whitacre needle 


Group I Group II 
Whitacre Whitacre 
25-gauge 22-gauge 
(n = 100) (n = 100) 
Sex (M/F) 59/41 52/48 
Age (yr) 38 (22) [16-84] 39 (17 [15-84] 
Height (cm) 173 (12) [152-198] 173 (8.6) [150-193] 
Weight (kg) 73 (15) [48-105] 73 (14) [53-100] 


TABLE II. Complications of spinal anaesthesia in the 25-gauge 
and 22-gauge groups. No significant differences between groups 


25-gauge 22-gauge 

(n = 100) (n = 100) 
PDPH .- 2 (2%) 4 (4%) 
Atypical headache 5(5%) 33GA) 
Backache 9 (9%) 9 (9%) 


Whitacre needle was always directed cephalad. 
After injection, the patient was immediately 
placed supine. Monitoring consisted of continu- 
ous ECG recording, measurement of arterial 
pressure every 5 min and pulse oximetry (Nellcor 
N-1000). The patient was allowed to ambulate 
6—8 h after operation, depending on the type of 
surgery performed. All patients were seen on the 
day of surgery and at 3-5 days after operation, 
when they were questioned by one of the authors 
using a standard questionnaire, or contacted by 
telephone if discharged earljer. The patients were 
questioned for headache, its severity, localization, 
character (e.g. posture-dependent), duration, the 
presence or absence of associated symptoms and 
their assessment of the procedure. The headache 
was considered to be of the classical postdural 
puncture type [1] i£ it fulfilled the following 
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conditions: aggravated by the erect or sitting 
position, relief on lying flat, mainly occipital or 
frontal with aggravation on coughing, sneezing or 
straining. Student’s t test for independent vari- 
ables or, where appropriate, chi-square test was 
used to examine statistical significance; P < 0.05 
was considered significant. 


RESULTS 


Data from 200 patients (111 men and 89 women) 
were evaluated. The groups were similar in 
respect of age, height and body weight (table I). 
Successful dural puncture was achieved in all 
patients in both groups. The overall incidence of 
classical PDPH was 2% in the 25-gauge and 4% 
in the 22-gauge group, and the incidence of non- 
spinal headache and backache was similar in both 
groups (table II). The mean duration of headache 
was 44 h (range 24-64 h) and 57.5 h (range 8-80 h) 
in the 25-gauge and 22-gauge groups, respect- 
ively. Clinical features of the patients with PDPH 
are shown in table III. All patients suffering from 
PDPH had received bupivacaine intrathecally and 
in no patient were more than two attempts at 
lumbar puncture necessary. The headache res- 
ponded to bed rest and analgesics in all patients 
and in none did the severity or duration of the 
headache warrant extradural blood patching. 
Patient acceptance of spinal anaesthesia was high 
and similar in both groups (98 %). 


DISCUSSION 


Spinal anaesthesia is a popular anaesthetic tech- 
nique, with a low complication rate, but it carries 
the special risk of postdural puncture headache 
[1]. Many factors have been mentioned as in- 
fluencing the incidence of PDPH, but the most 
important is needle size [1, 6]. 


TABLE III. Clinical features of patients with PDPH. (Dural puncture achieved at first attempt in each 





patient) 
Appearance 

Age Needle of symptoms Duration 
(yr) Sex gauge (postop. day) Severity (h) 
44 F 25 1 Slight 24 

38 F 25 1 Slight 64 

6l F 22 1 Moderate 72 

24 F 22 1 Severe 80 

16 M 22 1 Slight 72 

20 F 22 2 Slight 8 
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The influence of the configuration of the needle 
tip on the incidence of PDPH has recently been 
the subject of renewed interest [7], although first 
reports of the use of 20-gauge pencil-point needles 
date back 40 years [8, 9]. In spite of these early 
encouraging results, the Whitacre needle failed to 
find widespread use, and more recent studies 
reported an incidence of 11% and 14% for 
PDPH using a 22-gauge Whitacre needle [10, 11]. 
Pencil-point needles have a theoretical advantage 
in reducing trauma to the dural fibres [12] and 
recent experimental studies suggest that the dural 
defect produced by 22-gauge Whitacre pencil- 
point needles is smaller [13] and leads to a smaller 
loss of CSF than with comparable Quincke 
needles [12, 14, 15]. Clinical studies demonstrat- 
ing an incidence of PDPH of less than 4% in 
younger patients using a Whitacre 22-gauge 
needle [3, 4] support these experimental findings 
and are in keeping with our results using the 22- 
gauge needle. 

Based on these observations, it seemed reason- 
able, therefore, to expect that a smaller Whitacre 
needle would cause a similar reduction in CSF 
loss after dural puncture in comparison with an 
equivalent size Quincke needle. This was not 
investigated in the present study, but recent 
clinical studies have shown that the use of 25- and 
26-gauge needles have failed to reduce consist- 
ently the rate of PDPH, especially in younger 
patients [6, 11, 16-22]. Flaaten and Raeder [20] 
have reported an incidence of 37.2% for PDPH 
using 25~gauge needles. In the light of these 
findings, a 2% incidence of PDPH with the 25- 
gauge Whitacre needle is clearly superior to that 
reported with 25- or 26-gauge Quincke needles 
and approaches results obtained with 29-gauge 
needles. As in other studies [16, 17], we found 
that PDPH affected mainly young females (5.6% 
vs 0.9%), as four of five females suffering from 
PDPH were younger than 45 yr. The incidence of 
PDPH for females was less in the 25-gauge group 
(4.9% vs 6.2%). This low incidence of PDPH is 
even more impressive if the results in patients 
younger than 40 yr are analysed, where a fourfold 
greater incidence of PDPH was observed in the 
22-gauge group compared with the 25-gauge 
group (5.3% vs 1.4%). Dittmann and Renkl 
found a similar incidence of PDPH (1.37 %) using 
a 29-gauge needle in a large group of patients [23]. 

The use of extremely fine-gauge needles is 
thought to markedly reduce the incidence of 
PDPH [24]; however, their use is associated with 


BRITISH JOURNAL OF ANAESTHESIA 


a higher failure rate of spinal anaesthesia than 
following the use of larger needles [25,26], 
reaching 25% in some cases [27]. The use of an 
introducer is also necessary and, if used incaut- 
iously, this may cause inadvertent dural puncture 
[25]. Moreover, there are reports of severe PDPH 
requiring blood patching after use of 29-gauge 
needles in obstetric patients [28]. These needles 
are also expensive and they should not be reused 
[29]. A further theoretical advantage of the 25- 
gauge Whitacre needle compared with the 22- 
gauge Whitacre needle and 29-gauge needles with 
a Quincke tip, is the provision of a transparent 
hub making earlier identification of CSF possible 
[7]. 

Although the use of a Whitacre needle feels 
different from that of a Quincke needle [2], 
expertise is attained quickly as testified by the low 
rate of attempts at spinal anaesthesia in this study. 
The Whitacre 25-gauge needle is still rigid enough 
to be used without an introducer, although this 
may be useful initially for those inexperienced in 
the use of Whitacre needles. 

The incidence of backache was similar in both 
groups, although clearly less than in other reports, 
possibly because of infiltration with local an- 
aesthetic before spinal anaesthesia was performed 
[20, 25]. Lack of occurrence of inability to 
perform spinal anaesthesia in both groups was 
possibly because of the predominantly young 
patients studied and the ease of use of the 
Whitacre needle, even in inexperienced hands 
[30]. 

Further methods proposed to reduce the in- 
cidence of PDPH include the use of the para- 
median approach with an acute angle of needle 
insertion and the use of conical-tipped spinal 
needles [14]. Of these, the Sprotte needle seems to 
be the most promising and is claimed to be devoid 
of the disadvantages of the original Whitacre 
needle [31]. However, recent studies reported an 
incidence of PDPH of 0-8.6% [32,33] and 
further investigations are necessary to clarify this 
question. We conclude that spinal anaesthesia is 
easy to perform with a Whitacre 25-gauge needle 
and is associated with a low incidence of PDPH. 
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EFFECT OF I.V. LOW-DOSE ADRENALINE AND 
PHENYLEPHRINE INFUSIONS ON PLASMA 
CONCENTRATIONS OF BUPIVACAINE AFTER LUMBAR 
EXTRADURAL ANAESTHESIA IN ELDERLY PATIENTST 


N. E. SHARROCK, G. GO AND R. MINEO 


SUMMARY 


Thirty patients undergoing primary total hip 
replacement under lumbar extradural anaesthesia 
with 0.75% bupivacaine 25 mi were allocated 
randomly to receive either low-dose adrenaline 
or phenylephrine infusions i.v. throughout sur- 
gery. Haemodynamic measurements and arterial 
blood samples were obtained before the extra- 
dural injection and at 10, 20, 30, 40, 50, 60 and 
90 min thereafter. Peak arterial plasma concentra- 
tions of bupivacaine were observed 10 min after 
extradural anaesthesia and were significantly 
lower in patients receiving adrenaline infusions. 
Cardiac output was significantly greater in pa- 
tients receiving adrenaline infusions (P < 0.07). 
it is postulated that the smaller circulating 
concentrations of bupivacaine observed in pa- 
tients receiving adrenaline were caused by 
increased cardiac output and a greater volume of 
distribution than in patients receiving phenyl- 
ephrine. 


KEY WORDS 


Anaesthetic techniques: extradural. Anaesthetics, local: 
bupivacaine. Heart: cardiac output. 


Pharmacokinetic studies have demonstrated in- 
creased plasma concentrations of lignocaine after 
i.v. infusions of lignocaine in low flow states [1-3]. 
Increased plasma concentrations of local anaes- 
thetic may contribute to circulatory depression by 
either myocardial or peripheral vascular effects 
[4]. Cardiac output may decrease after extradural 
anaesthesia, particularly in elderly patients who 
develop hypotension [5, 6]. It is important, there- 
fore, to know the influence of low cardiac output 


states on the peak circulating concentrations of 
local anaesthetic, as this may contribute to further 
circulatory depression. 

Adrenaline and phenylephrine are often used to 
maintain arterial pressure after extradural an- 
aesthesia and are known to have different cir- 
culatory effects [7]. Adrenaline increases cardiac 
output secondary to its inotropic action [7-9], 
whereas phenylephrine is associated with a re- 
duction in cardiac output [7]. We have compared 
these agents as a means of assessing the influence 
of cardiac output on peak local anaesthetic 
concentrations after extradural anaesthesia. 


PATIENTS AND METHODS 


After Institutional Review Board approval, 30 
patients undergoing total hip replacement under 
lumbar extradural anaesthesia were allocated 
randomly to receive i.v. infusions of either low- 
dose adrenaline or phenylephrine to maintain 
mean arterial pressure at 50-60 mm Hg through- 
out surgery. 

Patients received no premedication until arrival 
in the operating room, where they were sedated 
with midazolam 1-3 mg and fentanyl 25-50 ug 
i.v. Patients received Ringer’s lactate 70 ml h- 
overnight, but were not fluid loaded before the 
extradural anaesthetic. A 20-gauge radial artery 
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BUPIVACAINE CONCENTRATIONS AFTER EXTRADURAL ANAESTHESIA 


TABLE I. Patient data, intraoperative fluid requirements and 

dose of vasopressors (mean (range or SD)) in patients in whom 

plasma bupivacaine concentrations were measured (n = 30). No 
significant differences between groups 


Adrenaline Phenylephrine 
(n = 15) (m = 15) 

Sex (M/F) 3/12 3/12 
Age (yr) 69.9 (57-85) 71.6 (63-77) 
Ht (cm) 166.8 (8.0) 161.9 (7.5) 
Wr (kg) 78.3 (19.9) 71.8 (13.3) 
Intra-op. fluid (ml) 1225.0 (352) 1132.0 (270.0) 
Dose (ug mint) 2.6 (1.02) 10.6 (6.2) 


cannula was inserted percutaneously. In the first 
15 patients studied, thermodilution pulmonary 
artery catheters were inserted via the right internal 
jugular vein. 

All extradural anaesthetics were performed 
with the patient in the lateral position and the 
operative side uppermost. Injections were per- 
formed at the L1-2 interspace as follows: 0.75% 
bupivacaine 5 ml was infiltrated in the paraver- 
tebral muscle and a 17-gauge Tuohy needle passed 
into the extradural space at L1-2 using the 
paramedian approach. Plain 0.75% bupivacaine 
25 ml was injected via the 17-gauge Tuohy needle 
in 5-ml aliquots with 15s between each 5-ml 
injectate. This resulted in a sensory level to 
pinprick of T4 or above. 

In the first 15 patients, serial haemodynamic 
measurements were made with the subject in the 
lateral decubitus position before the extradural 
injection and at 10, 20, 30, 40, 50, 60 and 90 min 
thereafter. Heart rate, mean arterial and pul- 
monary artery pressures were recorded. Cardiac 
outputs were measured in triplicate using a 
thermodilution technique (Spectramed) by inject- 
ing 10 ml of saline at room temperature. The 
shape of the temperature decay curves was 
assessed and the mean of the two best curves was 
used. In all patients, mean arterial pressure 
decreased to between 50 and 60 mm Hg and was 
maintained within this range throughout surgery, 
to minimize intraoperative blood loss and facilitate 
surgical conditions. 

Interim analysis was performed after the first 
15 patients, resulting in a modification of the 
procedure for the subsequent 15 patients, in 
whom thermodilution cardiac output was not 
> measured. 

Blood samples were drawn from the arterial line 
before the extradural injection and at 10, 20, 30, 
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Fic. 1. Arterial plasma concentrations of bupivacaine after 
extradural injection of 0.75% bupivacaine plain 25 ml in 15 
patients receiving low-dose adrenaline (A) and 15 receiving 
phenylephrine (©) i.v. infusions (mean, sp). *P < 0.05; 
** P < 0,01. 


40, 50, 60 and 90 min thereafter. Samples were 
obtained also at 5 and 15 min after extradural 
injection in the last 15 of the 30 patients, to define 
the time to peak blood concentration. All blood 
samples were collected in heparinized tubes and 
centrifuged immediately at 4°C. Plasma samples 
were stored at —70 °C until required for assay. 

Measurement of plasma bupivacaine concen- 
tration was by capillary gas chromatography with 
nitrogen selective detection (performed at the 
National Medical Services, Inc. Willow Grove, 
PA 19090, U.S.A.) The limit of quantitation was 
0.02 pg ml! and inter-assay coefficient of vari- 
ation at 0.1 ug ml} was 7.5%. 


Analysts 

Differences in plasma bupivacaine concentra- 
tions and cardiac outputs were assessed by one- 
way analysis of variance (ANOVA) for repeated 
measures and the Scheffé F test. Differences in 
patient data and intraoperative fluid between 
groups were assessed using Student’s t test. The 
relationship between cardiac output and arterial 
plasma concentration of bupivacaine was assessed 
using simple linear regression analysis. Signifi- 
cance was accepted at the 0.05 level. 


RESULTS 


There were no significant differences between 
patient groups regarding patient data or i.v. fluid 
administered during operation (table I). The 
arterial plasma concentrations of bupivacaine after 
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Taste II. Patient data and intraoperative fluid requirements 
(mean (range or SD)) in patients in whom serial cardiac outputs 
were measured (n= 15). No significant differences between 


groups 
Adrenaline Phenylephrine 
(n = 6) (n = 9) 

Sex (M/F) 1/5 1/8 
Age (yr) 77.0 (67-85) 71.9 (68-77) 
Ht (cm) 163.0 (8.5) 161.8 (8.7) 
Wt (kg) 79.9 (25.8) 68.4 (15.4) 
Intra-op. fluid (ml) 1237.5 (103) 1077.8 (98.3) 


extradural anaesthesia in patients who received 
either i.v. infusions of low-dose adrenaline or 
phenylephrine are shown in figure 1. Significantly 
smaller arterial values of bupivacaine were observ- 
ed in patients receiving adrenaline at 5, 10, 20, 30 
and 40 min after injection. Peak local anaesthetic 
concentrations occurred 5 min after extradural 
injection with phenylephrine, whereas the peak 
value did not occur until 10 min after extradural 
injection in patients receiving low-dose adrenaline 
infusions. By 20 min the arterial concentrations of 
bupivacaine had declined significantly from their 
respective peak values in both groups (P< 
0.0001). 

Cardiac output, heart rate, mean arterial press- 
ure and pulmonary artery diastolic pressure of the 
initial 15 patients (table II) receiving adrenaline 
or phenylephrine are shown in figure 2. There was 
a significantly greater cardiac output at all times in 
patients receiving adrenaline. Similar responses 
in heart rate and mean arterial pressure were 
observed in the remaining 15 patients receiving 
either adrenaline or phenylephrine. 

The peak circulating concentrations of local 
anaesthetic showed only a weak correlation with 
cardiac output 10 min after extradural injection 
(r = 0.39). 


DISCUSSION 


We have demonstrated that peak arterial con- 
centrations of bupivacaine were evident within 
10 min of extradural injection and were signifi- 
cantly greater in patients who received phenyl- 
ephrine than those who received low-dose 
adrenaline infusions. In previous studies, peak 
concentrations were shown to occur 15-30 min 
after ‘extradural anaesthesia when blood was 
sampled from the antecubital vein [10, 11]. Our 
observations suggest that toxic reactions to in- 
jection of local anaesthetic are more likely to occur 
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within 5-10 min after extradural injection rather 
than later. Although relatively large doses of 
bupivacaine were used and peak arterial con- 
centrations exceeded 4 ug ml™ in several patients 
who received phenylephrine, no toxic reactions 
were noted. However, it is possible that these high 
values might contribute to additional circulatory 
depression immediately after extradural anaes- 
thesia, particularly in patients with heart failure 
or low cardiac output. 

Cardiac output was measured only in the first 
15 patients as a significant haemodynamic dif- 
ference between agents was already apparent. 
Furthermore, the haemodynamic effects of extra- 
dural anaesthesia with or without inotropic sup- 
port have been reported previously [5~—7, 12]. 
Thereafter, we were more interested in obtaining 
a large number of patients to define the timing of 
the peak concentrations of local anaesthetic, which 
occurred as early as 5 min after extradural in- 
jection in patients receiving systemic phenyl- 
ephrine; this was unexpected. 

The mechanism whereby i.v. adrenaline re- 
duced peak plasma concentrations of bupivacaine 
was not assessed in this study, but there are 
several possible explanations. Adrenaline may 
increase clearance of bupivacaine by increasing 
hepatic blood flow. Although this has been shown 
to occur with lignocaine (extraction ratio 0.9), 
uptake of bupivacaine by the liver is less sensitive 
to changes in liver blood flow (extraction ratio 0.2) 
[13]. Furthermore, adrenaline added to extradural 
bupivacaine has been shown to have no effect on 
the clearance of bupivacaine [14]. For these 
reasons, enhanced hepatic clearance is unlikely to 
affect peak plasma concentrations in the first 
10 min after extradural injection. 

Adrenaline and phenylephrine may have dif- 
ferent vasoconstrictor effects on the extradural 
vasculature which could potentially influence 
absorption of bupivacaine from the extradural 
space [7]. However, this seems unlikely in the 
dosage used. A more plausible explanation is that 
the systemic effects of adrenaline which maintain 
cardiac output and increase skeletal muscle blood 
flow [8, 9] would tend to enhance redistribution of 
the absorbed bupivacaine to the periphery [10]. In 
contrast, the patients who received phenylephrirte 
had a reduction in cardiac output. This is 
associated usually with vasoconstriction in the 
periphery and a reduction of blood flow in the 
vessel-rich group, reducing the volume of dis- 
wibution [1-3, 15]. That we were unable to 
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Fic. 2. Haemodynamic changes after extradural injection of 0.75% bupivacaine plain 25 ml in six 
patients receiving low-dose adrenaline (A) and nine receiving phenylephrine (A) i.v. infusions (mean, 
sp). t P = 0.05; * P < 0.05; ** P < 0.01. 


demonstrate a strong correlation between cardiac 
output and circulating concentrations of bupiv- 
acaine suggests that other factors such as the 
effects of adrenaline on skeletal muscle blood flow 
also contribute to the reduction in plasma con- 
centrations of local anaesthetic. 

Peak circulating concentrations of local anaes- 
thetic after extradural anaesthesia are reduced 
when adrenaline-containing local anaesthetics are 
used [10, 11]. A reduction in uptake from the site 
of injection secondary to vasoconstriction has 
been demonstrated [16]. However, Tucker sug- 
gested that systemic effects of adrenaline could 
also reduce concentrations of local anaesthetic 
after extradural block by increasing the volume of 
distribution and hepatic blood flow [10]. Our 
observations would tend to support this, as 
increased cardiac output with i.v. adrenaline was 
associated with reduced circulating concentra- 


tions of bupivacaine. It would appear, therefore, 
that the reduction in circulating concentrations of 
local anaesthetic after injection of adrenaline- 
containing anaesthetic was caused by both local 
and systemic effects of the adrenaline. 

Although 25 ml of the 30 ml of bupivacaine was 
injected into the extradural space, 5 ml was 
infiltrated into the paravertebral muscles. The 
arterial concentrations of bupivacaine reported 
therefore do not reflect only reabsorption from the 
extradural space. In all likelihood, the effect of 
different vasopressors on peak circulatory con- 
centrations of local anaesthetic applies to. other 
regional anaesthetic techniques. 

Therapeutic benefits of i.v. adrenaline infusions 
after extradural anaesthesia include a reduction in 
circulating concentration of local anaesthetic, a 
reduction in the frequency of reflex bradycardia 
[17, 18] and preservation of cardiac output even 
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when mean arterial pressure decreases [6, 7, 18]. 
These effects have been observed also with 
adrenaline injected into the extradural space, but 
they tend to last for only 30-40 min [7, 18]. For 
this reason, we recommend that, if large doses of 
local anaesthetic are used to achieve extensive 
neural block to provide intraoperative hypoten- 
sion, i.v. infusions of adrenaline are used to 
provide circulatory support throughout the an- 
aesthetic. 
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COMPARISON OF PLAIN AND ALKALINIZED LOCAL 
ANAESTHETIC MIXTURES OF LIGNOCAINE AND 
BUPIVACAINE FOR ELECTIVE EXTRADURAL CAESAREAN 


SECTION 


R. FERNANDO AND H. M. JONES 


SUMMARY 


We have examined a local anaesthetic mixture of 
0.5% bupivacaine 10 ml and 2% lignocaine 
70 ml with adrenaline 1 in 200000, to which 
8.4% sodium bicarbonate 2 ml was added, for 
extradural Caesarean section. The alkalinized 
mixture of local anaesthetics produced a block of 
more rapid onset and density than a mixture of 
bupivacaine and lignocaine alone (P < 0.007). 


KEY WORDS 


Anaesthesia: obstetric. Anaesthetics, local: alkalinized 
mixture, bupivacaine, lignocaine. Anaesthetic techniques: 
extradural. 


The use of extradural block for Caesarean section 
has three main disadvantages: a slow onset time 
commonly ranging from 20 to 50 min to achieve a 
sensory block from T4 to S5 [1-3], a density of 
block not comparable to that of spinal anaesthesia 
[4] and, occasionally, a need for inducing general 
anaesthesia. Large volumes of local anaesthetic 
may be used, exceeding the recommended dose 
[5]. 

Spinal anaesthesia offers the advantages of rapid 
onset and good quality [6,7], but postdural 
puncture headache remains a disadvantage, even 
with 26-gauge spinal needles [6]. Thirty-gauge 
needles may reduce the incidence of headache, but 
may be associated with technical difficulties [8]. 
Pencil point needles are said to separate dural 
fibres and to reduce the incidence of headache [9]. 

Extradural block for obstetric anaesthesia 
would be enhanced if a local anaesthetic agent 
were available which provided a block of rapid 
onset, good quality and of adequate duration 
using the minimum dose, so that toxicity is 
avoided [5, 10-12]. 


Plain 0.5% bupivacaine and 2% lignocaine 
with adrenaline 1 in 200000 are popular agents for 
extradural Caesarean section [12, 13], but the 
former has potential cardiotoxicity and the latter 
provides poor quality extradural block [14, 15]. 
Mixtures of local anaesthetics have obvious advan- 
tages and have been used for several years in non- 
obstetric practice [16]. The dose of bupivacaine 
may be reduced, thereby reducing cardiotoxicity 
[17]. 

Recently, Howell and colleagues have used a 
mixture of 2% lignocaine 10ml and 0.5% 
bupivacaine 10 ml to which adrenaline had been 
added to achieve a concentration of 1 in 200000 
for obstetric use [14]. However, the onset time for 
this mixture (T4-S5 sensory block) did not differ 
significantly from that of three other solutions 
(mean onset time 24.6 min). 

There is some evidence to suggest that 
alkalinizing local anaesthetic solutions results in 
improved efficacy, by increasing the amount of 
lipid soluble form in solution [18]. We have 
therefore examined the use of an alkalinized 
mixture of lignocaine and bupivacaine in extra- 
dural block for Caesarean section. 


PATIENTS AND METHODS 


We prepared a solution of 2% lignocaine 10 ml 
and 0.5% bupivacaine 10 ml to which 0.1 ml of 
adrenaline 1 in 1000 was added to achieve a con- 
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centration of 1 in 200000. We then added 0.5-ml 
aliquots of 8.4% sodium bicarbonate to this 
mixture to optimize the pH without causing 
precipitation. pH was measured using a Kent E1L 
7035 electrode subjected to a two-point cali- 
bration using commercially available buffered pH 
solutions. 

The final mixture consisted of 2% lignocaine 
10 mi and 0.5% bupivacaine 10 ml, 0.1 ml of 
adrenaline 1 in 1000 and 2 ml of 8.4% sodium 
bicarbonate. 

After Ethics Committee approval and informed 
patient consent had been obtained, we studied 20 
healthy women undergoing elective Caesarean 
section. They were allocated randomly in a 
double-blind design to receive one of two 
solutions: a 50:50 mixture of 0.5% bupivacaine 
and 2% lignocaine with adrenaline 1 in 200000 to 
which 8.4% sodium bicarbonate 2 ml had been 
added, or a 50:50 mixture of 0.5% bupivacaine 
and 2 % lignocaine with adrenaline 1 in 200000 to 
which 2 ml of normal saline had been added. One 
millilitre of each solution was kept for pH analysis 
at the end of the procedure. Hence 21 ml of each 
solution was used initially. All solutions were used 
at room temperature. 

The anaesthetist responsible for the conduct of 
the extradural block prepared the initial solution 
of 2% lignocaine 10 ml, 0.5% bupivacaine 10 ml 
and 0.1 ml of adrenaline 1 in 1000. A second 
anaesthetist who was not involved directly with 
clinical management or testing of the patient drew 
up either 2 ml of 8.4% sodium bicarbonate or 
2 ml of normal saline, according to the random- 
ization envelopes. The first anaesthetist then 
added the 2 ml of solution into the previously 
prepared “20ml” syringe with the local an- 
aesthetic mixture. At no time was the first 
anaesthetist aware of the contents of the 2-ml 
syringe given to him. One millilitre of this final 
solution was withdrawn from the syringe and kept 
for pH analysis. 

After routine prophylaxis with ranitidine and 
oral antacid, cannulation of a vein and attachment 
of non-invasive cardiovascular monitoring, the 
patient was placed in the sitting position. The 
extradural space was located by a 16-gauge Tuohy 
needle at the L2—3 or L3-4 interspace using loss 
of resistance to air and 3 cm of catheter was left in 
the extradural space. After an i.v. preload of 
Hartmann’s solution 1 litre, 3 ml of the extradural 
solution was injected through the catheter with 
the patient in the left lateral position. After 5 min, 
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TABLE I. Bromage motor block 


1—No block Full flexion of knees and 
feet. 
2—Partial block Just able to flex knees, but 


still full flexion of feet 
possible. 

Unable to flex knees, flexion, 
of feet possible. 

Unable to flex knees or feet. 


3—Almost complete 
block 
4—Complete block 


with no sign of catheter misplacerment, another 
18 ml of test solution was injected over 2 min. 
The onset of sensory block was assessed every 
1 min by loss of cold sensation to ethyl chloride 
spray, and motor block by the loss of Jeg muscle 
power on a four-point Bromage Scale (table I). 
The position of the patient was changed as deemed 
appropriate to achieve a bilateral sensory block 
(T4-S5) as quickly as possible. Finally, the patient 
was turned supine with left lateral tilt when the 
sensory block was adequate. If, 15 min after the 
end of the main injection of 18 ml, the thoracic or 
sacral level was considered inadequate, further 
increments of a 50:50 mixture of 2% lignocaine 
and 0.5% bupivacaine with adrenaline 1 in 
200000 were given, and the patient’s position 
changed if necessary. 

In all patients, ephedrine 30 mg was added to 
the third 500-ml container of Hartmann’s sol- 
ution. Hypotension was minimized by infusing 
this solution to ensure the systolic arterial pressure 
was maintained greater than 100 mm Hg. 

An upper sensory level of T4 and a lower level 
of S5 were considered adequate for surgery. The 
onset time was defined as the time from giving the 
test dose to the patient being ready for surgery. 
Any pain or discomfort during the procedure was 
treated with supplementary extradural solution 
and i.v. or extradural opioids after delivery of the 
baby. 

Fentanyl 100 pg in 8 ml of normal saline was 
administered via the extradural catheter at the 
completion of surgery for postoperative pain 
relief. At the end of the procedure, both an- 
aesthetist and patient were asked to answer preset 
questions to evaluate the extradural block. The 
anaesthetist rated the quality of the block as 
follows: excellent = no pain or discomfort felt; 
very good = only mild discomfort was felt, not 
requiring treatment; good = pain or discomfort 
requiring further local anaesthetic or extradural 
fentanyl; fair = in addition to further local an- 
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aesthetic and extradural fentanyl, i.v. alfentanil 
0.2 mg was required; poor = general anaesthesia 
had to be induced. 


Statistical analysis 

To compare the sensory and motor block onset 
times between the two groups, a Mann—Whitney 
test was used. Fisher Exact test was used to 


evaluate tables IV and V. P < 0.05 was regarded 
as statistically significant. 


RESULTS 


The groups were comparable in age, weight, 
height and duration of surgery (table II). 

There was a statistically significant difference 
(P < 0.001) between the two groups for onset 
time to sensory block T4-S5. Mean sensory onset 
time in the pH adjusted group was 12.7 (sp 
1.16) min (range 10-14 min), whereas that in the 
control group was 21.9 (6.47) min (range 13- 
38 min). The onset time to Bromage Scale 3 
motor block was also significantly faster in the pH 
adjusted group (P < 0.002). The mean time in the 
alkalinized group was 15.5 (1.27) min (range 
14-18 min), compared with 24.5 (6.38) min (range 
15—40 min) in the control group (table ITI). The 
highest block in both groups was T2. 


TABLE II. Patient data (mean (SD)) 


ATkalinized 

group Plain group 

(n = 10) (n = 10) 
Age (yr) 26.3 (3.16) 28.2 (4.26) 
Height (cm) 158.9 (5.62) 158.7 (5.40) 
Weight (kg) 74.8 (11.25) 70.5 (9.34) 
Duration of surgery 54.9 (14.33) 41.4 (12.47) 
(min) 
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TABLE IV. Number of patients in each group experiencing pain 
or discomfort during their Caesarean section 


Alkalinized Plai 


group group 
None 10 4 
Mild 0 2 
Moderate 0 4 
Severe 0 0 


group group 
Excellent 10 4 
Very good 0 2 
Good 0 2 
Fair 0 2 
Poor 0 0 


Only 21 ml of local anaesthetic solution was 
used for all 10 patients in the pH adjusted group, 
whereas three patients in the control group 
required supplementary local anaesthetic to 
achieve a sensory block to T4. There was no 
symptomatic evidence of systemic toxicity in any 
patient. 

None of the patients in the pH-adjusted group 
felt any pain or discomfort during the procedure 
(P = 0.011) (table IV). Six patients in the control 
group required supplementation. 

Assessment of the extradural block by both the 
anaesthetist and the patient was completed at the 
end of the procedure. All 10 patients in the pH- 
adjusted group were rated as excellent by the 
anaesthetist (P = 0.011) (table V). All 20 patients 
were highly satisfied with their extradural block. 


'TABLE III. Onset times for sensory and Bromage Scale 3 motor block. *P < 0.001 compared with plain group sensory block; 
**?P < 0.002 compared with plain group motor block 


Patient number 





1 2 3 4 
Alkalinized group 
Sensory onset (min)* 12 13 13 14 
Bromage 3 (min)** 15 14 15 14 
pH 7.12 7.12 7.20 7.10 
Plain group 
~ag- Sensory onset (min) 17 20 20 13 
Bromage 3 (min) 20 22 25 15 
pH 5,30 4.70 4.90 5.00 





5 6 7 8 9 10 Mean 
13 14 13 12 13 10 12.7 
17 15 15 16 18 16 15.5 
7.20 7.20 7.25 7.30 7.30 7.25 
21 21 22 23 24 38 21.9 
23 26 25 23 26 40 24.5 
4.60 4.60 5.00 4.90 5.10 5.00 
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In both groups, cardiovascular stability was 
achieved with the crystalloid preload and the 
ephedrine infusion. 

All the babies delivered had Apgar scores 
greater than 7 at 1 min and 9 or more at 5 min. 
None needed resuscitation. 

The pH of each solution was tested using a 
digital pH meter at the end of the procedure. The 
average pH of the alkalinized group was 7.20 
(range 7.10-7.30); that of the control group was 
4.91 (range 4.60-5.30) (P < 0.001). 


DISCUSSION 


Alkalinization of local anaesthetic solutions to 
speed up the onset of action has been used with 
varying degrees of success by several workers 
[18-20]. Another method to reduce the onset time 
has been the production of carbonated solution 
[21-23]. For example, lignocaine has been acidi- 
fied by carbonation and is produced commercially 
by Astra Pharmaceuticals. Early work by Bromage 
indicated the superiority of such carbonated 
solutions compared with plain lignocaine in open 
studies in which a single local anaesthetic bolus 
was injected [22, 23]. Alkalinized solutions of 2% 
lignocaine with adrenaline 1 in 400000 were 
compared with plain and carbonated lignocaine 
solutions for elective Caesarean section by Liepert 
and colleagues [21], who did not find any 
significant difference in the onset times (approx- 
imately 20 min) for all three groups. However, an 
incremental technique was used to deliver the 
local anaesthetic into the extradural space. 

We chose to use a bolus technique after a test 
dose had been given, as differences in onset times 
should be more apparent than with an incremental 
method. We found that the alkalinized mixture 
consistently had a more rapid onset of action 
which often reduced the waiting time to surgery 
by 50%. In addition, the extradural block was 
thought to be extremely dense in nature and 
provided good operating conditions without any 
patient experiencing pain or discomfort during 
the procedure. The onset times for the control 
mixture were comparable to those reported by 
Howell and colleagues [14]. 

Routine use of such a mixture has some 
disadvantages, including a potential for error in 
mixing four different drugs and unknown stability 
of the resultant solution. At present we mix the 
solutions immediately before use, as we have no 
data on the stability of this alkalinized mixture. 
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However, alkalinized solutions of bupivacaine and 
adrenaline have been shown to be stable for up to 
6h [24]. It has been suggested that sodium 
bicarbonate might be added to a premixed syringe 
of bupivacaine and lignocaine with adrenaline 1 in 
200000 using an IMS (International Medication 
System) type of cartridge. 
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PATTERNS OF OXYGENATION AFTER THORACOTOMY 


M.D. ENTWISTLE, P. G. ROE, D. J. SAPSFORD, R. G. BERRISFORD 


AND J. G. JONES 


SUMMARY 


We have studied patterns of oxygen saturation 
(Spo,) before and after thoracotomy in 20 
patients monitored nightly from the preoperative 
night to the fourth postoperative night. After 
operation, 10 patients received paravertebral 
bupivacaine (PVB) infusion and 10 received 
paravertebral saline (PVS) infusion. Papaver- 
etum was given as required. Before operation the 
Spo, profiles formed two groups: stable with 
Spo, > 94% and stable with a median Spo, less 
than 94% (hypoxaemia). During the first night 
after operation Spo, profiles formed four groups: 
stable, not hypoxaemic (2/20); stable, hypox- 
aemic but improving (8/20); stable and con- 
stant hypoxaemia (5/20) ; unstable, hypoxaemic 
and deteriorating (5/20). Eleven patients re- 
mained hypoxaemic as late as the fourth night 
after operation. All patients who were hypox- 
aemic before operation were hypoxaemic after 
operation. Postoperative hypoxaemia was pre- 
dicted in only 50% of cases. Papaveretum 
requirement was reduced in the PVB group, but 
regional analgesia did not affect the proportion 
of patients showing each Spo, profile. Papa- 
veretum caused a decrease in Spo, in both 
analgesic groups. 


KEY WORDS 


Analgesia: postoperative. Analgesics: papaveretum. Anaes- 
thetic techniques: paravertebral block. Anaesthetics, local: 
bupivacaine. Hypoxia: perioperative. 


Recent advances in the presentation of data 
obtained from continuous pulse oximetry have 
involved the use of computers to produce graphic 
representations of the distribution pattern of 
oxygen saturation (Spo,). Initial studies using this 
approach have described patterns of hypoxaemia 
in patients undergoing lower abdominal surgery, 


which showed unstable hypoxaemia with a wide 
distribution of Spo, associated with sleep and 
administration of opioid [1]. In contrast, thor- 
acotomy is a major surgical procedure which is 
likely to lead to considerable changes in pul- 
monary function. Incomplete lung re-expansion, 
reduced chest wall and diaphragmatic activity 
caused by pain may result in atelectasis and hence 
intrapulmonary shunting. It has already been 
shown that regional anaesthesia after thoracotomy 
reduces pain scores, promotes more rapid return 
of pulmonary function and reduces opioid re- 
quirement [2, 3]. The aim of this study was to use 
continuous pulse oximetry to examine patterns of 
postoperative hypoxaemia occurring in patients 
undergoing thoracotomy and to describe the 
effect on such patterns of regional analgesia and 
morphine. 


PATIENTS AND METHODS 


We studied 20 patients (ASA I or IT) undergoing 
elective thoracotomy for repair of hiatus hernia 
and who were scheduled to take part in a separate 
study of the metabolic response to thoracotomy. 
Patients were excluded if they had allergy to 
bupivacaine, if they underwent a further or more 
extensive procedure such as thoracoabdominal 
surgery, if the operation was carried out as an 
emergency or if long term analgesics were being 
taken. All patients gave informed consent and 
approval was obtained from the Hospital Ethics 
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OXYGENATION AFTER THORACOTOMY 


Committee. Patients were allocated randomly to 
two groups, one to receive an infusion of para- 
vertebral bupivacaine (PVB) and the other (con- 
trol) group to receive an infusion of paravertebral 
saline (PVS) in the postoperative period. There 
were 11 females and nine males, the average age 
was 49.4yr (range 19-69 yr) and the average 
weight was 74 kg (range 52-102 kg). There was no 
difference in age, weight or smoking habits 
between the groups. 

All patients had continuous preoperative over- 
night oximetry. Premedication was with papaver- 
etum 0.2 mg kg and hyoscine 0.004 mg kg 1h 
before operation. The patients were anaesthetized 
with thiopentone 5 mg kg, vecuronium 0.1 mg 
kg! with additional intermittent boluses, pheno- 
peridine 2 mg, nitrous oxide and isoflurane. End- 
tidal carbon dioxide partial pressure was kept 
between 3 kPa and 4kPa and oxygen saturation 
kept greater than 90 % throughout. Before closure 
of the wound, an 18-gauge Portex extradural 
catheter was sited by direct vision subpleurally in 
the paravertebral space. 

Patients in the PVB group received 0.5% 
bupivacaine 20 ml through the catheter before 
closure of the chest, followed by a postoperative 
infusion of 0.5% bupivacaine at a rate of 0.1 ml 
kg~1 h1. This was continued for 5 days. Patients 
in the PVS group received equivalent volumes of 
normal saline for the same period. The anaes- 
thetist, nurses, ward doctors and patient were 
unaware of the nature of the infusion. Papa- 
veretum was prescribed 4-hourly at suitable doses 
for all patients and was given by the nurses when 
required. For the first 24h oxygen (24% by 
Ventimask) was prescribed to be administered for 
30 min only if the Spo, decreased to less than 
85% for 1 min. On subsequent nights the pulse 
oximeter alarms were disabled and oxygen given 
only if indicated clinically. On arrival at the ward, 
patients were connected to the pulse oximeter 
with the probe on the right or left index finger and 
were monitored for the rest of the day of operation 
and for the first night after operation until 09:00 
the next day. Further oximetry was carried out for 
three further nights (a total of four postoperative 
nights) from 21:00 to 09:00. Records were taken 
of the timings of doses of i.m. papaveretum and 
the administration of oxygen. 


Oximetry 
Continuous monitoring of Spo, was carried out 
using a Datascope Accusat Pulse Oximeter which 
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was interfaced with an Amstrad IBM-compatible 
portable microcomputer. Recordings of Spo, were 
made every 15s and stored so that 240 samples 
were collected for every 60 min. The program 
eliminated all erroneous readings. The number 
of these could be ascertained and were not 
numerous. The results were analysed as follows. 
Compressed Spo, distribution diagrams were 
plotted for each study period. Each curve repre- 
sents a data collection interval of 1h and the 
height of the curve at each saturation value 
represents the percentage of the hour spent at that 
saturation. Curves for subsequent l-h epochs 
were stacked sequentially. These data were anal- 
ysed visually for pattern and trend. Patterns of 
tall, well-superimposed peaks were classed as 
stable. Patterns of flat peaks with much variation 
from hour to hour were classed as unstable. In 
addition, a computer routine was used to analyse 
the data. From the distribution of the data within 
each interval, the median Spo, was calculated. 
The 50th centile was calculated for each epoch 
over the study period. As each data collection 
interval was 1h in duration, the 20th centile 
represents 12 min spent at oxygen saturations less 
than this value. In this study we defined hypox- 
aemia as occurring when the 20th centile was 
equal to or less than an Spo, of 94%, that is, 
12 min or more per hour spent with an Spo, equal 
to or less than 94 %—a value based on our previous 
study of normal subjects [1]. It was felt, however, 
that the use of the 20th rather than the 10th 
centile (12 min rather than 6 min per hour) gave a 
more significant indication of the degree of 
hypoxaemia. As a method of quantifying the 
duration of hypoxaemia, the duration of time was 
calculated for each night of oximetry that the 20th 
centile was at less than Spo, 94% and, where 
applicable, less than Spo, 90%. Using least 
squares linear regression, the effect of age and 
weight was compared with the duration of 
postoperative hypoxaemia on the first night. 


RESULTS 


Patterns of oxygen saturation 


Night before operation. Eleven of 20 patients 
were stable and not hypoxaemic (fig. 14). Four of 
20 patients were stable but showed hypoxaemia 
for less than 3 h. Five patients were hypoxaemic 
for the majority of the night with some mild 
instability whilst asleep (fig. 1B). In one of these, 
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Fic. 1. A: Normal preoperative compressed Spo, distribution diagram over an 8-h night-time 
monitoring period. There are tall narrow peaks well clustered together, closely superimposed on one 
another. Time = elapsed time from 21:03. B: Hypoxaemic preoperative compressed Spo, distribution 


diagram in a similar night-time monitoring period. Peaks are flatter and wider, varying 


m hour to 


hour over a range of smaller Spo, values. Time = elapsed time from 20:51. 


an obese asthmatic, the 20th centile was less than 
90% for 4h. 


First postoperative day and mght. Four distinct 
SPo, profiles were observed. The number of 
patients exhibiting each pattern were similar in 
the PVS and PVB groups. 

Pattern A (fig. 24): Stable and not hypoxaemic. 
Seen in 2/20 patients. Both of these patients had 
been stable with no hypoxaemia before operation. 

Pattern B (fig. 2B): Stable and hypoxaemic but 
with an improving Spo, Seen in 8/20 patients. 

Pattern C (fig. 2c): A stable but hypoxaemic 
pattern shown by 5/20 patients. Three of these 
patients displayed impaired control with hypox- 
aemia after i.m. papaveretum. 

Pattern D (fig. 2p): Unstable pattern with 
progressive decrease in oxygen saturation. Seen in 
5/20 patients, one of whom was an obese 
asthmatic displaying a hypoxaemic pattern with 
poor ventilatory control. 

All patients who were hypoxaemic before 
operation were also hypoxaemic after operation. 
All five patients who were hypoxaemic for most of 
the preoperative night spent the whole of the first 
night after operation with the 20th centile of Spo, 
< 94%, and three of these spent most of the night 
with the 20th centile < 90%. However, another 
nine patients were hypoxaemic after operation in 
the absence of any preoperative hypoxaemia. 
When the duration of hypoxaemia was compared 
with weight and age using least squares linear 
regression, a general trend was found as expected, 
but the correlation coefficients were 0.4 and 0.5, 
respectively. 


Second night after operation. Fifteen patients 
regained a stable Spo, profile, but only three of 
these had returned to preoperative oxygen satur- 
ations. The remaining five patients, all of 
whom had been unstable on the first night after 
operation, continued to display an unstable 
pattern on the second night. 


Fourth night after operation. All the patients 
regained a stable pattern or showed only minor 
instability. In the PVB group all patients had Spo, 
less than their preoperative values. In the PVS 
group, however, three of the nine patients studied 
showed a return of Spo, to preoperative values. 
Eleven of the 16 patients studied on the fourth 
night after operation were hypoxaemic most of the 
night. Two of the remaining five had not regained 
preoperative values. 

Table I shows the numbers of patients showing 
each Spo, profile on the night before operation 
and on the first, second and fourth nights after 
operation. 


Administration of papaveretum 


Patients in the PVS group received a larger 
number of doses of papaveretum (32 doses, total 
dose 525 mg) than those in the PVB group (20 
doses, total dose 300mg). As most patients 
received at least one dose irrespective of group, no 
overall correlation was noted between papa- 
veretum dosage and the Spo, patterns described. 
On an individual basis, however, loss of control 
and episodes of hypoxaemia were often seen 
during the hours after administration of papa- 
veretum. Twelve patients showed oxygen de- 
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Fic. 2. The four patterns of Spo, distribution seen after operation. a: Stable, not hypoxaemic, normal 


oxygen saturation with narrow superimposed peaks indicative of good ventilatory control. 


B: Stable, 


hypoxaemic but improving. The low SPo, with broad peaks immediately after operation implies venous 
admixture as a result of atelectasis in addition to impaired control. Both effects show resolution during 
the monitoring period. Note the period of oxygen administration in the first 1h. c: Smble, 
hypoxaemic. A hypoxaemic pattern caused by V/O mismatch, with good ventilatory control. D: 
Unstable, hypoxaemic. Abnormal contro] and increased venous admixture throughout the period of 
monitoring. Time = elapsed time from 12:33, 13:35, 11:55 and 12:15, respectively (A-D). 


Taste I. Numbers of patients showing each of the four Spo 
patterns on the preoperative night and the first, second and 
fourth nights after operation 





Night 
Spo, pattern Pre-op. One Two Four 
Stable, not 11 2 3 5 
hypoxaemic 
Stable, hypoxaemic 0 8 0 0 
but improving 
Stable, hypoxaemic 9 5 12 11 
Unstable, 0 5 5 0 
hypoxzaemic 





saturation after premedication (an example is 
shown in figure 3). Three patients showing 
pattern C (stable but hypoxaemic) showed a 
period of loss of stability and hypoxaemia follow- 
ing papaveretum, seen as a broadening of the 
trace. In three patients with pattern B, the steady 
improvement in saturation showed a subsequent 
decline which was directly related to a dose of 
papaveretum (fig. 3—first postoperative night). 


DISCUSSION 


Postoperative hypoxaemia is thought to be caused 
by two factors: a gas exchange abnormality 
induced during anaesthesia as a result of de- 
pendent lung atelectasis and a disturbance in the 
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Fic. 3. Changing pattern of Spo, over a 5-night monitoring 

period. Pre-op. = Preoperative night. I-IV = Nights one 

to four after operation. Arrows indicate doses of i.m. 
Ñ papaveretum. Time = elapsed time. 
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control of ventilation manifest as episodic ob- 
structive apnoea [4]. Wheatley and colleagues [1] 
have studied the effect of different analgesic 
regimens on postoperative hypoxaemia in a group 
of patients undergoing lower abdominal surgery 
in which dependent lung atelectasis is less com- 
mon and hence extrapulmonary factors of more 
importance. They showed that i.m. and extradural 
opioids induced an unstable pattern of Spo, with 
wide rather than peaked curves varying in position 
from hour to hour. In the present study patients 
were undergoing thoracotomy in which direct 
surgical compression, incomplete lung expansion, 
and reduced chest wall and diaphragmatic move- 
ment as a result of pain lead to atelectasis and the 
development of intrapulmonary shunting. 

Observation of the compressed Spo, distri- 
bution diagrams with classification into different 
patterns of behaviour seemed to be the most 
useful way of summarizing these data. When 
applying numerical analysis to data of this type, it 
is important to appreciate the non-linear nature of 
the oxygen dissociation curve at oxygen satur- 
ations less than 94% and the fact that the P50 is 
likely to be different in these patients, especially in 
view of the wide range of preoperative saturations 
observed. 

An analysis for statistical significance of the 
difference between Spo, arrays using the chi- 
square test for binned distribution data over the 
preoperative to first postoperative nights showed 
a significant difference in most traces: those that 
did not had a considerable overlap of broad 
flattened peaks. This is a good example of how the 
use of compressed Spo, distribution diagrams 
gave more information of this dynamic situation 
than can be represented in simple numerical form. 

Study of the preoperative traces revealed a 
wider range of oxygen saturations than expected. 
Of the 50th centiles of Spo, for each patient, the 
median of the sum ranged from 93% to 97%. 
Nine of 20 patients spent time with the 20th 
centile of Spo, < 94%. This contrasts with our 
previous study [1] in which the definition of 
hypoxaemia was based on preoperative nights 
with a median of 98 % with less than 1 % of values 
being < 94%. 

Using the criteria for defining hypoxaemia 
adopted during this study, it was found that 
hypoxaemia on the first night after operation 
could be predicted in only 50% of cases. It would 
be useful to establish criteria which would more 
accurately predict postoperative hypoxaemia. The 
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data produced in this study suggest that further 
work along such lines might reveal enough 
information for this to be possible. 

It is difficult to speculate on the causes of this 
wide range of preoperative traces. Obviously, the 
patients’ weight and age affect the oxygen satur- 
ation. Because of the proximity of the steep part 
of the oxygen dissociation curve, these patients 
would be expected to become desaturated more 
easily after operation. In our study, preoperative 
hypoxaemia always resulted in postoperative 
hypoxaemia, but we had a large false negative rate 
of 50%. In future, improved prediction may be 
obtained by studying the significance in terms of 
weights of evidence of a variety of preoperative 
indicants, including Spo,, on postoperative pul- 
monary dysfunction—for example using the 
Spiegelhaiter-Knill-Jones approach [5]. There 
was no difference between PVS and PVB groups 
in the disposition of the different patterns pro- 
duced nor in the degree of hypoxaemia. Earlier 
studies in this unit [2, 3] showed improved pain 
scores and earlier return of preoperative function 
in PVB patients. However, the administration of 
i.m. papaveretum to most patients was a con- 
founding factor, as it has been shown to produce 
an unstable hypoxaemic pattern [1]. 

It was interesting that two young patients (aged 
35 and 19 yr) one of whom had PVS and the other 
PVB, showed no hypoxaemia at all in the 
postoperative period and no papaveretum was 
requested by either. 

The traces shown in figures 2B, 2c, 3 and 4 
illustrate how oxygen saturation can deteriorate to 
a low value without loss of control. We interpret 
this pattern as being almost certainly caused by 
development of venous admixture resulting from 
atelectasis. Figure 2c shows how tight control of 
Spo, may be maintained even at low saturations 
where a wider spread of Spo, values might be 
expected because of the increasing steepness of 
the oxygen dissociation curve as oxygen saturation 
decreases. Alterations in ventilatory pattern may 
be expected not to affect the magnitude of the 
shunt as changes in lung volume have been shown 
not to affect (PAp,— Pao.) [6], and shunt induced 
by anaesthesia is only partially reversed by PEEP 
[7]. However, as we did not measure Pco, or 
shunt, we cannot at present ascertain the extent to 
which hypoventilation and venous admixture 


. contribute to this pattern. Other traces showing 


hypoxaemia with a wide spread of oxygen satur- 


ations (fig. 2D) are likely to be caused by 
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impairment of ventilatory control]. Administration 
of papaveretum was associated invariably with 
these periods of impaired control. The effect of 
opioid premedication in inducing hypoxaemia 
was notable as this shows the effect of papa- 
veretum without superimposition of the imme- 
diate effects of anaesthesia and thoracic surgery. 

Compressed Spo, distribution diagram plots for 
two patients over the whole duration of the study 
are shown in figures 3 and 4. Figure 3 shows a 
patient with no preoperative hypoxaemia except 
following opioid premedication at an elapsed time 
of 8h (arrow). On the first day and night after 
operation the hypoxaemic but improving pattern 
is reversed by i.m. papavereturm at elapsed times 
of 6h and 11h. The progression to the fourth 
night after operation shows curves becoming 
steadily more peaked and well superimposed with 
steadily resolving hypoxaemia, although not 
achieving preoperative values. 

Figure 4 shows a patient who had periods of 
hypoxaemia on the preoperative night. On the 
first day and night after operation the pattern 
becomes progressively more hypoxaemic while 
the curve peaks become taller and narrower. 
Islands of greater oxygen saturation are caused by 
oxygen therapy. On the second night after 
operation there is further deterioration in oxygen 
saturation, but the peaks are tall and grouped well 
together, suggesting significant V/Q mismatch 
but good ventilatory control. On the third and 
fourth nights after operation there is a steady 
improvement in saturation, but the peaks become 
less well superimposed and flatter, suggesting a 
resolving shunt but less effective ventilatory 
control. 

No effort was made to measure sleep, but it was 
noticed that most traces, including those obtained 
in the preoperative period, showed a night-time 
widening of Spo, distribution. We have shown 
previously that profound hypoxaemia after sur- 
gery was seen only during sleep, particularly in 
patients having opioid analgesia [8]. It is known 
that normal patterns of sleep are severely dis- 
rupted in the perioperative period when stages 3, 
4 and REM sleep are severely suppressed [9]. A 
rebound of intense REM sleep occurs about the 
middle of the first week after operation [10] and it 
has been shown that hypoventilation and resulting 
hypoxaemia occur particularly in REM sleep [11]. 

The trends in the Spo, patterns over four 
consecutive nights after operation showed a 
gradual improvement in control. However, pre- 
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Fig. 4. Changing pattern of Spo, over a 5-night monitoring 

period. Note the Spo, is least during the second night. Even 

after four nights, the Spo, distribution is considerably less 

than the preoperative value (see text). Pre-op. = Preoperative 

night. I~IV = Nights one to four after operation. Time = 
elapsed time. 
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operative values of saturation were not achieved 
by the fourth night in most patients and this 
difference from baseline was found to be stat- 
istically significant in all instances. In some 
patients, the degree of hypoxaemia was worse on 
night two than on the first night after operation 
(fig. 4). Eight patients in the present study showed 
an increased instability, signifying a deterioration 
in ventilatory control on the third and fourth 
nights after operation, superimposed on the 
underlying improving trend. This may well have 
been associated with a rebound of REM sleep. 

Oxygen therapy is administered to prevent 
morbidity from tissue hypoxia. It is common 
practice to prescribe oxygen on the night fol- 
lowing thoracotomy. Our study demonstrated 
that this is the time when hypoxaemia is most 
likely to occur. Oxygen therapy is usually only 
given subsequently if clinically indicated. How- 
ever, on the second to fourth nights after operation 
we have demonstrated that a large proportion of 
patients were still hypoxaemic. This suggests a 
possible role for the routine monitoring of oxygen 
saturation after operation in high risk patients or 
following major operations, or for extending the 
duration of routine oxygen therapy. More ac- 
curate prediction using the techniques described 
might identify those at risk of postoperative 
hypoxaemia who would benefit from such man- 
oeuvres. In the meantime, the technique for 
producing profiles of Spo, in the postoperative 
period provides a new approach to the audit of 
patients’ postoperative behaviour. 
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RIB CAGE CONTRIBUTION TO RESTING AND CARBON 
DIOXIDE STIMULATED VENTILATION DURING 1 MAC 


ISOFLURANE ANAESTHESIA 


A. B. LUMB, A. J. PETROS AND J. F. NUNN 


SUMMARY 


Using respiratory inductive plethysmography, we 
have measured rib cage and abdominal motion 
during isoflurane anaesthesia in 16 healthy day- 
surgery patients. Anaesthesia was induced with 
propofol and maintained with 1 MAC isoflurane 
in air-oxygen via a laryngeal mask. Measure- 
ments were taken during both resting ventilation 
and hyperpnoea induced by rebreathing carbon 
dioxide. For resting ventilation, the rib cage 
contributed a mean (SD) of 33 (15) % of the total 
ventilation whilst awake, and 39 (12)% during 
anaesthesia (ns). With increasing end-tidal car- 
bon dioxide whilst awake, the subjects showed a 
mean increase in the percentage rib cage con- 
tribution of 7.1 (12.5) %/kPa of carbon dioxide. 
With isoflurane anaesthesia, there was significant 
depression of this rib cage recruitment with 
the mean contribution decreasing by 3.6 
(7.4)% kPa" {P < 0.05). These results indicate 
that 1 MAC of isoflurane does not selectively 
depress rib cage motion, except during carbon 
dioxide stimulated hyperpnoea. 


KEY WORDS 


Anaesthetics, volatile: isoflurane. Measurement techniques: 
respiratory inductive plethysmography. Ventilation: rib cage 
motion. 


A reduction in the motion of the rib cage during 
general anaesthesia was first described by Snow in 
1858, and reported to indicate that “‘a little more 
chloroform had been inhaled than was necessary” 
[1]. Previous authors have described selective 
depression of intercostal muscle activity as con- 
tributing both to depressed ventilation [2] and to 
the reduction in lung volume [3]. 

Over the past 20 years, techniques have been 
developed to measure rib cage and abdominal 


motion, first by antero-posterior magnetometers, 
then circumferential strain gauges, and more 
recently by measurement of cross-sectional area 
using respiratory inductive plethysmography 
(RIP). Both magnetometers [2] and strain gauges 
[3] have been used to measure rib cage motion 
during halothane anaesthesia with a tracheal tube; 
in both studies, general anaesthesia reduced the 
percentage rib cage contribution to ventilation 
to approximately 50% of the awake value. 
However, other studies with non-inhalation 
agents have failed to show any reduction in rib 
cage contribution [4-7], although only one of 
these used RIP [4]. 

The rib cage component of the ventilatory 
response to carbon dioxide during anaesthesia has 
also been studied previously. With halothane 
anaesthesia and magnetometers [2], the overall 
reduction in carbon dioxide response was ascribed 
almost entirely to depression of rib cage motion, 
This is in contrast with a study of barbiturate 
anaesthesia using RIP, in which there was only a 
modest reduction in rib cage contribution [4]. 

There are three possible explanations for ‘this 
difference between studies of inhalation and i.v. 
anaesthesia. First, selective depression of the rib 
cage component of ventilation may be unique to 
inhalation anaesthetics. Second, the depth of 
anaesthesia is unlikely to be equivalent between 
studies of halothane and, for example, metho- 
hexitone. Finally, Bickler’s recent study of metho- 
hexitone anaesthesia [4] is the only study so far to 
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have used RIP, and so the discrepancy seen 
between studies may simply reflect differences of 
methodology. 

We have therefore used RIP to study ventilation 
during inhalation anaesthesia, and so have 
eliminated methodological differences, enabling a 
valid comparison with Bickler’s study. Also, by 
the use of a laryngeal mask airway instead of a 
tracheal tube, we have been able to perform the 
study at 1 MAC with a reliable clear airway, thus 
eliminating the deep anaesthesia seen with pre- 
vious studies of inhalation agents. 


PATIENTS AND METHODS 
Subjects 


After approval by the local Ethics Committee 
and with informed patient consent, we studied 16 
male day-case surgical patients immediately be- 
fore surgery. All were ASA I or II, non-obese 
(body mass index < 29), and had no history of 
respiratory disease. Before the study, forced vital 
capacity (FVC) and forced expiratory volume in 
1 s (FEV,) were measured; all values were greater 
than 80% of values predicted for height and age. 
ECG, heart rate, end-tidal carbon dioxide con- 
centration and oxygen saturation were monitored 
throughout the study, and no adverse effects were 
seen, 


Apparatus 


The apparatus used for the study is shown in 
figure 1. This consisted of a circle system with a 
non-rebreathing valve at the mouthpiece, con- 
nected to a dry rolling-seal spirometer (AirCo 


Ohio 840), which was calibrated before each 
subject using a 1.5-litre gas tight syringe. The 
spirometer gave an electrical volume signal dis- 
played on a chart recorder, from which tidal 
volume and ventilatory frequency were calculated. 
A soda-lime canister could be connected to the 
expiratory limb of the circle for resting ventilation 
measurements. A separate circuit sampled gas 
from the mouthpiece and back to the system 
through a multiple gas analyser (Datex Capno- 
mac) which was calibrated before each subject 
using gas mixtures supplied by the manufacturer 
(48.7+0.5% oxygen, 4.55 +0.2% carbon dioxide, 
2.8+0.05% enflurane). The gas analyser dis- 
played inspired oxygen concentration, end-tidal 
carbon dioxide concentration, and inspired/end- 
tidal isoflurane concentrations. Taps 1 and 2 
enabled the subject to breathe air whilst the 
spirometer was filled or emptied via tap 3 and the 
gas inlet. 

Read’s rebreathing method was used to assess 
the ventilatory response to carbon dioxide [8]. 
The spirometer was filled to a volume 2 litre more 
than the subject’s vital capacity with 50% oxygen 
and 7% carbon dioxide in nitrogen. Tap 1 was 
closed to connect him to the inspiratory side of the 
circuit, allowing the 2 litre of extra gas in the 
spirometer to flush the deadspace of the subject 
and circuit, before tap 2 was switched to complete 
the circle. Ventilation and PE'co, were recorded 
for 4min, or until the subject terminated the 
study because of dyspnoea. 

Subjects had their rib cage and abdomen 
contributions to ventilation measured continu- 
ously using respiratory inductive plethysmo- 
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TABLE I. Subject data and carbon dioxide response lines. BMI = Body mass index; FVC = forced vital capacity, WRC = 
percentage rib cage contribution to ventilation 














Awake Anaesthesia 
Minute volume Minute volume 

Subject Age FVC WRC %RC 
No. (yr) BMI (litre) Slope Intercept Slope Slope Intercept Slope 
1 26 25 4.73 10.1 5.33 10.8 7.4 5.67 —8.6 
2 19 24 4.82 13.4 5.61 14.5 3.2 3.68 2.3 
3 28 28 4.13 10.0 5,75 31.1 2.3 3.28 —2.4 
4 21 21 3.48 11.4 6.25 —1.4 2.6 5.23 —3.4 
5 34 25 3.60 30.7 5.95 5.9 47 5.20 8.4 
6 18 19 4.50 6.0 5,48 —5.9 4.3 4.35 5.4 
7 32 27 4.10 15.7 5.92 3.0 3.7 6.36 7.1 
8 43 25 4.61 9.0 5.75 28.1 2.2 3.27 —7.2 
9 33 24 3.82 7.4 4.16 6.3 2.6 3.28 —7.4 
10 23 23 4.59 14.9 6.01 0.7 8.1 8.47 —8.3 
11 35 26 4.06 11.7 6.09 9.7 2.1 4.35 —4.8 
12 18 20 4,21 17.9 5.92 4.5 2.0 3.68 —6.5 
13 28 25 4.97 8.6 6.33 —10.4 1.1 3.81 0.8 
14 26 23 4.34 14.7 5.76 —11.0 5.8 6.21 —8.9 
15 40 22 4.69 31.3 6.73 20.4 2.5 5.17 —20.0 
Mean 28.2 23.7 4.31 14.2 5.80 7.1 3.6 4.80 —3.6 
SD 7.6 0.57 12.5 2.0 1.45 7.4 


graphy. Many methods of calibrating RIP have 
been described, most aimed at measuring tidal 
volume from the RIP signals without any special 
manoeuvre being required by the subject. The 
isovolume technique is a simple method, which 
requires some coaching of the subject, but is as 
accurate for measuring rib cage and abdomen 
contributions to ventilation as the other more 
complex techniques [9]. The calibration was 
performed at functional residual capacity with a 
large isovolume manoeuvre, and the subject 
remained in the same position throughout the 
study (including during anaesthesia). Calibration 
during anaesthesia was not attempted as obtaining 
an isovolume line by obstructing the airway 
invalidates the manoeuvre by causing distortion 
of the rib cage and abdomen compartments. The 
rib cage and abdomen signals, with analogue 
signals of carbon dioxide concentration and 
spirometer volume, were charted on a four- 
channel chart recorder for later analysis. 


Anaesthesia 


Subjects received no premedication. Anaes- 
thesia was induced with propofol 3—4 mg kg™ via 
an indwelling cannula on the dorsum of the hand, 
and maintained with isoflurane in an air-oxygen 
mixture (FIo, = 0.5) with spontaneous ventilation 
via a laryngeal mask and Mapleson A breathing 


system. Overpressure was used to achieve an end- 
tidal concentration of 1.1-1.2% (1 MAC) as 
quickly as possible, and this was maintained for 
10 min to allow equilibration. Anaesthesia was 
achieved with the patient connected to the 
spirometer, by addition of 0.l-ml aliquots of 
liquid isoflurane to the expiratory limb of the 
circle. By this means, end-tidal isoflurane con- 
centration was maintained within the limits 
1.0-1.2%. 


Procedure 


The study was performed in the anaesthetic room 
with subjects in the supine position with the 
lumbar spine supported by small pillows to 
minimize spinal movement. Throughout the 
awake period of the study, pasients listened to 
music through headphones. 

The sequence was as follows: 
(1) Calibration of the RIP by the isovolume 
manoeuvre. 
(2) “Run-in” period with no mouthpiece until 
regular ventilation returned (as judged by the RIP 
signal). 
(3) Recording of RIP signals for 1 min with no 
mouthpiece, allowing the subject to breathe via 
his natural airway. 
(4) Subject connected to spirometer (including 
soda-lime) with a mouthpiece/noseclip and a 
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further run-in period allowed with the subject 
breathing 50% oxygen. 

(5) Resting ventilation and end-tidal carbon 
dioxide concentration recorded. 

(6) Read’s rebreathing carbon dioxide response 
performed. 

(7) Subject allowed to 
hyperpnoea for 5-10 min. 
(8) Anaesthesia induced and stabilized as above. 
(9) Rib cage contribution to non-stimulated ven- 
tilation recorded with the patient attached to a 
Mapleson A breathing system. 

(10) Non-stimulated ventilation measured with 
the spirometer circuit connected directly to the 
laryngeal mask. 

(11) Read’s rebreathing carbon dioxide response 
repeated. 


recover from the 


Data processing 


The rebreathing runs were divided into six to 
eight periods (each lasting 30 s), depending on the 
length of the run. For each period (including the 
resting ventilation) the ventilatory frequency, 
tidal volume (VT) at ATPS, minute volume (VE) at 
ATPS, end-tidal carbon dioxide concentration, and 
percentage rib cage contribution (% RC) to ven- 
tilation was calculated. All volumes were con- 
verted to BTPS using measured room temperature 
and assuming the body temperature of all subjects 
was 37 °C. ; 

For the carbon dioxide ventilation response, VE 
(litre min“) was plotted against PE'co, (KPa). 
Using least squares linear regression, straight 
lines were fitted to all the data for both awake and 
anaesthetized carbon dioxide responses in each 
subject. The mean slope for all subjects was 
determined and a line of this slope drawn through 
the grand mean point. The line was plotted 
between points on the X-axis representing the 
mean PE’co, for all subjects at the beginning and 
end of each run. 

Similarly, the data for %RC contribution to 
tidal volume were plotted against P8’o9,, straight 
lines derived and overall response lines drawn as 
above. 

To allow comparison with other studies, the 
data for the rebreathing runs were processed in 
two different ways: 

(1) Each value for VE was divided into the minute 
volume resulting from either rib cage or abdomen 
ventilation using the respective value for % RC, as 
in the study of Tusiewicz, Bryan and Froese [2]. 
Linear regression lines were then calculated for 
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each component against Px’co,. The mean slope 
for all subjects was found and plotted between 
points representing the mean compartmental 
minute volume and PE’go, at the beginning and 
end of the rebreathing runs. From data provided 
in Tusiewicz’s study, we have plotted also the 
mean compartmental ventilation lines for her 
subjects between arbitrary points of 6.5 and 8 kPa 
on the X-axis. 

(2) The tidal volumes were normalized for body 
weight and expressed as ml kg~, as in the study of 
Bickler, Dueck and Prutow [4]. These data were 
converted to rib cage and abdomen components 
and lines plotted as for (1). Similarly, we have 
plotted equivalent compartmental response lines 
for Bickler’s subjects alongside ours, between 6.5 
and 8.5 kPa. 

Comparisons between awake and anaesthetized 
data were by paired Student’s t test, except for the 
ventilatory response slopes. These data have been 
described previously as differing from a normal 
distribution [10], and our data did so significantly 
(by Shapiro—Francis W” test), so were compared 
using Wilcoxon’s signed rank test. 


RESULTS 


One subject was excluded from the analysis 
because of an abnormal RIP trace during an- 
aesthesia, showing a phase difference between the 
rib cage and abdomen signals. This subject is 
discussed below, and in all other subjects the 
peaks of the RIP signals were in phase. 

The remaining 15 patients had mean age 
28.2 yr, body mass index 23.7, FVC 4.3 litre and 
FEV, 3.9 litre (table I). Mean (sp) resting ven- 
tilation awake was 8.1 (2.2) litre min`? at PE’'co 
5.39 (0.36) kPa and, after maintenance of 1 MAC 
of isoflurane for 10 min, 6.0 (1.1) litre min™ with 
PE co, 6.29 (0.75) kPa (fig. 2). The mean % RC con- 
tribution to quiet breathing awake was 33 (15)% 
with a large scatter range (range 16-57%); 
during anaesthesia the mean was 39 (12) % (range 
22-55 %) (ns) (fig. 3). 

The ventilatory response to carbon dioxide was 
significantly depressed during anaesthesia (fig. 2), 
the mean slope decreasing from 14.2 litre min™ 
kPa“ awake to 3.6 litre min! kPa! during anaes- 
thesia (P < 0.001). The intercepts of the response 
lines were also decreased significantly, from a 
mean of 5.8kPa awake to 4.8kPa anaesthetized 
(P < 0.02). 

Despite a wide scatter, the mean (sD) slopes of 
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Minute vol. (litre min71) 





End-tidal PCO, (kPa) 


Fic. 2. Mean (sp) carbon dioxide response lines (@ = awake; A = isoflurane 1 MAC) and resting 
ventilation (O = awake; A = isoflurane 1 MAC). 





5 6 7 8 
End-tidal PCO, (kPa) 


Fic. 3. Mean (sp) rib cage contribution (RC %) to resting (open symbols) and carbon dioxide stimulated 
ventilation. @, O = Awake; A, A = isoflurane 1 MAC. 


A% RC/APE’co, (fig. 3) decreased significantly, for awake subjects differed significantly from zero 
from 7.1 (12.5)% kPa awake to —3.6 (7.4)% (P < 0.05), but slopes from anaesthetized subjects 
kPa! during anaesthesia (P < 0.05). The slopes did not. 
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Fic. 4. Respiratory inductive plethysmography signals from excluded subject. 1 = Inspiration; E = 
expiration; RC = rib cage; AB = abdomen; Sum = electrical sum of RC and AB. Dotted area indicates 
expected line for a passive expiration. (Note: gain is reduced 2.5 times for sum signal.) 


DISCUSSION 


The anaesthetic technique used for this study was 
designed to reflect modern day-case clinical 
practice whilst providing 1 MAC of anaesthesia 
with a single volatile agent. In these patients, it is 
unlikely that the propofol was still contributing 
appreciably to anaesthesia at the time of the study 
(15 min after induction) [11]. For any study of 
respiratory mechanics during anaesthesia, an 
unobstructed airway is mandatory and a laryngeal 
mask provides this at lighter planes of anaesthesia 
than has been possible previously with tracheal 
intubation. 

The subject who was excluded developed an 
abnormal RIP pattern of non-stimulated ven- 
tilation during anaesthesia, despite a clinically 
clear airway (fig. 4). The abdomen motion appears 
normal and predominant, but causes indrawing of 
the upper rib cage during inspiration, presumably 
representing abolished intercostal muscle tone. 
During expiration, the rib cage rapidly returns to 
normal, and even expands slightly. This may 
result either from activity of the intercostal/ 
accessory muscles during expiration or, more 
likely, from active expiration by the abdominal 
muscles passively expanding the rib cage. This 


pattern has been described in other studies (see 
below), but occurred in only one of our 16 
subjects. 


Non-stimulated ventilation 


We have found no significant change in the 
% RC contribution to non-stimulated ventilation 
at I MAC of isoflurane anaesthesia. Tusiewicz, 
Bryan and Froese [2] and Jones and colleagues [3] 
both reported profound depression of the rib cage 
contribution to spontaneous ventilation during 
halothane anaesthesia. There are several possible 
explanations for this conflict with our results: 


Methodology. Our study measured cross- 
sectional areas rather than circumference or 
antero—posterior diameter. These methods agree 
well in physiological studies [12], although in the 
study by Jones and colleagues [3] (using cir- 
cumference measurements) the resting %RC of 
14% is less than 50% that in most other studies 
of supine subjects. Methodology of rib cage- 
abdomen partitioning may therefore have con- 
tributed to differences in results between these 
studies, particularly that of Jones’ group. 

All body surface measurements of rib cage and 
abdomen do not necessarily reflect activity of the 
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intercostal and diaphragmatic muscles. For 
example, contraction of the diaphragm may cause 
expansion of the lower rib cage and activity of 
abdominal wall muscles will alter all dimensions 
of the abdominal cavity. Studies of the EMG of 
these muscle groups have been performed [13, 
14], but we know of no study which has related 
EMG activity to body surface motion. Without 
EMG it is impossible to assess the activity of 
expiratory muscles in our subjects, or its sub- 
sequent effect on upper rib cage motion. 


Airway. Preliminary studies in awake subjects 
indicated that the resistance to breathing between 
laryngeal masks and tracheal tubes is similar [15]. 
It is possible that differences in airway resistance, 
despite a clinically adequate airway, may result in 
various degrees of resistive loading and so alter 
%RC. This is clearly impossible to elucidate 
without measuring airway resistance through a 
laryngeal mask during anaesthesia, but the mag- 
nitude of the change in resistance in patients with 
adequate airways is unlikely to explain our 
findings. A study of methohexitone anaesthesia 
used two groups, with either intubation or 
facemask for airway maintenance. Despite a 
finding of different functional residual capacity 
with the differing airways, no comment was made 
on the % RC between the two groups [4]. It has 
been suggested that a tracheal tube may stimulate 
receptors in the airway, causing a reflex change in 
pulmonary mechanics, for instance broncho- 
constriction [16], although it is not known if this 
reflex alters chest wall motion. 


Use of suxamethomum. In the studies by 
Tusiewicz, Bryan and Froese [2] and Jones and 
colleagues [3], the majority of subjects were given 
suxamethonium to facilitate tracheal intubation. 
Their results may therefore represent a selective 
reduction in intercostal activity after suxa- 
methonium, although this seems unlikely as 
90 min elapsed between induction and study in 
Tusiewicz’s subjects. 


Specific respiratory effects of different anaesthetic 
agents. Respiratory depression at 1 MAC of 
isoflurane is well known [17]; our subjects’ resting 
minute volumes decreased by 2 litre min with a 
consequent increase in PE’co, of 0.9 kPa. The size 
of VT has been shown to affect % RC. Voluntarily 
increasing VT in awake supine volunteers in- 
creased the % RC in the majority of subjects [18], 
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but we know of no studies of involuntary changes 
in Vr or the effects of decreasing VT. As increasing 
VT results in increased %RC, it is likely that 
decreasing Vr would reduce the % RC, which is 
the opposite of our findings. Also, taking potency 
into account, isoflurane does not differ greatly 
from halothane in its ventilatory effects, causing a 
similar reduction in Vr with less increase in 
ventilatory frequency [19]. Changes in VT are 
therefore unlikely to account for the difference in 
our observations from those with halothane [2, 3]. 

There are other circumstances during anaes- 
thesia in which %RC has been maintained or 
even increased. It is agreed that paralysis and 
IPPV cause an increase in rib cage contribution, 
regardless of the other agents used [3, 20], so only 
spontaneous ventilation is discussed further. 
Methohexitone bolus followed by infusion caused 
no change in % RC [4], whilst a similar regimen of 
ketamine resulted in a significant increase in rib 
cage contribution [5]. Sedation with either 
midazolam or diazepam also increased rib cage 
contribution to ventilation, by 15-20% [6, 7]. 
Pethidine administered during midazolam sed- 
ation also caused an increase in % RC, this effect 
being antagonized by naloxone [6]. The benzo- 
diazepines and volatile agents used in all these 
studies cause similar degrees of overall respiratory 
depression, reducing VT to approximately 40 % of 
control so, as discussed above, the varied effects 
on % RC cannot be ascribed simply to changes in 
VT. 

It is clear, therefore, that different agents and 
doses do have variable effects on the rib cage and 
abdomen components of the respiratory system. 
However, it remains unclear as to how this occurs, 
and where the effect is mediated between the 
medullary respiratory centre and the muscle fibre. 


Depth of anaesthesia. Our study was undertaken 
at a lighter level of anaesthesia than those of 
Tusiewicz, Bryan and Froese [2] or Jones and 
colleagues [3]. Tusiewicz’s study was performed 
at 1.4 MAC of halothane in oxygen, whilst Jones’ 
study used between 0.83 and 3.3 MAC halothane 
in addition to nitrous oxide. Presumably this 
involved at least 50% nitrous oxide, providing a 
minimum total of 1.33 MAC. Jones’ group also 
demonstrated that progressive rib cage depression 
occurred with increasing anaesthetic concentra- 
tion. A previous preliminary report of a study of 
isoflurane and rib cage motion showed no 
significant change in rib cage contribution up to 
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Fic. 5. Comparison of our results (right side) with those of Tusiewicz, Bryan and Froese [2] (left side). 
V = expired minute volume. —— = Rib cage; -—- = abdomen. 


1.5 MAC, although the %RC did decrease by 
15% at this value [21]. This study also 
demonstrated that airway obstruction during 
anaesthesia caused instability of the lower rib 
cage. We saw no evidence of this in the high rib 
cage recordings in our study, except in the 
excluded subject who showed similar rib cage 
instability at nipple level with a clear airway. It 
seems very likely that the most important 
difference between our findings and those of 
Tusiewicz, Jones and their colleagues is the 
greater depth of anaesthesia used to allow tol- 
erance of the tracheal tube during inhalation 
anaesthesia with spontaneous breathing—a prob- 
lem we have avoided by use of a laryngeal mask. 


Carbon dioxide stimulated ventilation 


Slopes of ventilatory response to carbon dioxide 
were reduced to about 25% of the awake value 
(fig. 2), which is similar to results in other studies 
(17, 19]. We have found a small, but significant, 
increase of 7.1% kPa™ in the rib cage contribution 
to ventilation during carbon dioxide rebreathing 
whilst awake. This rib cage “recruitment” has 
been demonstrated previously in conscious sub- 
jects, and is particularly marked in subjects who 


have large increases in tidal volume [22]. In the 
present study, this rib cage recruitment was 
abolished by anaesthesia, which at 1 MAC re- 
sulted in a negative A%RC/APE’¢o, slope not 
significantly different from zero (fig. 3). Absolute 
rib cage ventilation continued to increase with 
Pco, but the slope of the rib cage component of 
minute volume was greatly reduced (fig. 5). 
Tusiewicz, Bryan and Froese [2] previously 
demonstrated profoundly decreased rib cage 
motion during carbon dioxide rebreathing at 
1.4MAC halothane anaesthesia, and concluded 
that a major part of the ventilatory depression 
seen with halothane resulted from suppression of 
intercostal muscle activity. However, these obser- 
vations were illustrated (in their fig. 5) by total 
abolition of rib cage response to carbon dioxide in 
one subject, who was aged only 9 yr and not 
necessarily representative of the general adult 
population. From our figure 5, it can be seen that 
even when our results are processed in the same 
way, and using the mean of Tusiewicz’s five 
subjects, there is more pronounced depression of 
rib cage contribution in those subjects than ours. 
We believe this again results from deeper anaes- 
thesia in the subjects studied by Tusiewicz’s 
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Fic. 6. Comparison of our results (right side) with those of Bickler, Dueck and Prutow [4] (left side). 


Vt = Tidal volume. —— = 


group. Our results for compartmental tidal vol- 
umes are very similar to those of Bickler (metho- 
hexitone anaesthesia), our subjects displaying, 
if anything, greater depression of the rib cage 
(fig. 6). Equivalence of the depth of anaesthesia 
between inhalation and i.v. agents is difficult to 
assess, and it is possible that Bickler did not 
achieve a depth of anaesthesia equivalent to 
1 MAC as in our study. 


In conclusion, we have shown that at 1 MAC of 
isoflurane, selective depression of rib cage motion 
is undetectable without the severe provocation of 
carbon dioxide rebreathing. There is at present no 
evidence that any currently used anaesthetic agent 
other than halothane can cause significant de- 
pression of rib cage motion during ventilation 
without carbon dioxide stimulation. Thus most 
modern inhalation anaesthetic agents at 1 MAC 
should not compromise patients with poor ventila- 
tory muscle function, even when breathing spon- 
taneously. Compared with the awake state, an- 
aesthesia causes a reduction in the relative con- 
tribution of the rib cage to carbon dioxide 
stimulated ventilation, but both rib cage and 
abdomen compartments continue to contribute, 
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although at a reduced level, and depression of the 
overall ventilatory response to carbon dioxide 
cannot be ascribed solely to the rib cage. 
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SCREENING FOR ANTIBODIES ASSOCIATED WITH 


HALOTHANE HEPATITIS 


K. L. HASTINGS, C. THOMAS, A. K. HUBBARD AND A. J. GANDOLFI 


SUMMARY 


The diagnosis of halothane hepatitis (HH) may 
be assisted by detection of antibodies reacting to 
trifluoroacetylated proteins (anti-TFA anti- 
bodies), An enzyme-linked immunosorbent as- 
say (ELISA) utilizing trifluoroacetylated rabbit 
serum albumin (TFA-RSA) as antigen detected 
anti-TFA antibodies in 67% of sera from patients 
for whom a Clinical diagnosis of HH was made. 
Anti-TFA antibodies were detected in 33% of 
sera when using an ELISA with liver microsomal 
protein from halothane-treated rabbits as anti- 
gen. Absorption of the sera with untreated rabbit 
liver microsomal protein before using the micro- 
somal protein ELISA resulted in detection of 
anti-TFA antibodies in 42% of sera. Using the 
presumptive hapten N-e-trifluoroacety!-/-lysine 
to block antibody binding in an ELISA resulted in 
positive detection in 50% of sera: the results did 
not always agree with the other ELISA methods. 
The TFA-RSA ELISA was the most sensitive 
method and, combined with the TFA-lysine 
blocking ELISA, resulted in 92% of sera from HH 
patients testing positive for HH-associated anti- 
bodies. 


KEY WORDS 


Anaesthetics, volatile: halothane. Complications: halothane 
hepatitis. Immune response: anti-TFA antibodias. 


Two types of hepatotoxic reaction may result 
from use of the inhalation anaesthetic halothane. 
A mild form of hepatotoxicity occurs in about 
20% of patients receiving halothane anaesthesia 
[1]. The most remarkable finding is an increase to 
greater than normal serum concentrations of liver 
enzymes, especially alanine aminotransferase. 
This phenomenon has been reproduced in rats [2] 
and guineapigs [3,4]. A much rarer and more 
severe consequence of halothane anaesthesia, 
halothane hepatitis (HH), is seen about once in 


35000 uses [5]. HH does not appear to be a 
particularly severe form of direct halothane tox- 
icity ; in contrast, it appears to be a fundamentally 
different disease [6]. 

Typically, HH begins to manifest about 5 days 
after anaesthesia [7], when the patient develops a 
rapid increase in serum concentrations of trans- 
aminase and bilirubin [8,9]. Other signs, not 
always seen, include blood and liver eosinophilia, 
circulating immune complexes and massive hep- 
atic centrilobular necrosis [10, 11]. 

The most generally accepted theory is that HH 
is an immunological disease similar in funda- 
mental aspects to other drug hypersensitivity 
reactions. Halothane is metabolized to several 
metabolites that can bind readily to cellular 
macromolecules [12]. One particular metabolite, 
the acid chloride product of hepatic oxidative 
biotransformation, appears to bind to free amino 
groups in proteins, thus forming hapten—protein 
complexes [13, 14]. These complexes appear, in 
rare instances, to induce an immune response 
resulting in the production of antibodies, T-cells, 
or both, which recognize this hapten. When a 
secondary exposure to halothane occurs, the 
immune system responds to the production of 
these hapten—protein complexes by mounting an 
immune response to the patient’s liver, resulting 
in an autoimmune form of hepatitis. Although the 
exact nature of the immunogen(s) is not known, 
there appear to be two general classes of antibodies 
produced in HH: hapten-specific antibodies and 
antibodies induced by the binding of hapten to 
carrier proteins which are directed against liver 
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protein epitopes [15, 16]. Indeed, the generaliz- 
ation of the immune response from hapten- 
specific antibodies (and T-cells) to autoimmune 
antibodies (and T-cells) could be the immuno- 
logical basis of the disease. 

Diagnosis of HH is difficult and generally is 
made by exclusion of other aetiological factors. 
Some patients appear to be at risk of developing 
HH: obese, middle-aged females who have been 
exposed previously to halothane are at greatest 
risk [8]. Repeated exposure to halothane appears 
to be an independent risk factor, providing further 
evidence for the immunological basis of the 
disease [17]. 

There is no generally accepted laboratory 
method for establishing a diagnosis of HH. In this 
study, we have examined currently used lab- 
oratory methods and have evaluated the use- 
fulness of these procedures. 


METHODS 
Patient samples 


Serum samples, referred to this laboratory by 
physicians at various hospitals, were obtained 
from patients for whom a diagnosis of halothane 
hepatitis was made on clinical grounds. Patients 
typically developed jaundice, increased serum 
concentrations of liver enzymes, and other signs 
of hepatitis after halothane anaesthesia. Three 
samples were obtained from male patients (one a 
22-month old infant); two patients died of 
hepatitis. Two patients developed hepatitis after 
isoflurane anaesthesia. In two cases, sera were 
obtained from health workers (one operating room 
nurse and one anaesthetist) presenting with 
hepatitis after repeated occupational exposure to 
halogenated anaesthetics. 

In most cases, other potential causes of hepatitis 
(hepatitis A, hepatitis B, cytomegalovirus, and 
Epstein-Barr virus) were reported to have been 
excluded on laboratory analysis. In addition, sera 
were tested for hepatitis B surface antigen (Ausria 
II-125, Abbott Laboratories, North Chicago, IL) 
and for antibody to hepatitis C virus (Hepatitis C 
EIA, Abbott Laboratories). 

Two groups of randomly selected patient 
control sera were used: the first roup contained 
samples from seven patients with increased serum 
concentrations of liver enzyme and the second 
group contained 10 patients with normal serum 
concentrations of liver enzyme. None of the 
controls had been exposed to halothane and none 
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had been diagnosed with either primary biliary 
cirrhosis or chronic active hepatitis—both dis- 
eases known to give false positive results in 


immunoassays for HH-associated antibodies 
[18, 19]. 

Preparation of TFA-RSA 

Trifluoroacetylated rabbit serum albumin 


(TFA-RSA) was prepared according to the 
method of Goldberger and Anfinsen [20]. Rabbit 
serum albumin fraction V (RSA; United States 
Biochemical Corp., Cleveland, OH) was reacted 
with S-ethylthioltrifluoroacetate (Chemical Dy- 
namics Corp., South Plainfield, NJ). The product 
was dialysed with water for 3 days, then collected 
and lyophilized. Trifluoroacetylation was con- 
firmed by measuring the bound fluorine content 
of the product [21]. 


Preparation of rabbit microsomal proteins 

Two New Zealand male white rabbits (1.5~2 kg 
each) were obtained from Viera and Sons Rab- 
bitry, Maricopa, AZ. One rabbit was exposed to 
1% halothane in a 95% oxygen atmosphere for 
45 min. The rabbit was allowed to recover and 
was killed 18 h later. The second rabbit was used 
as an unexposed control. After both animals were 
killed, the livers were removed and microsomal 
proteins were isolated by differential centrifug- 
ation [22]. Trifluoroacetylation of the microsomal 
proteins was confirmed by ELISA using rabbit 
anti-trifluoroacetylated albumin antiserum, pre- 
pared as described by Callis and others [23]. 


TFA-RSA ELISA 


Serum samples were initially tested for anti- 
halothane antibody by the ELISA method of 
Callis and others [23]. Microtitre plates (Sero- 
cluster half well plates; COSTAR, Cambridge, 
MA) were coated with either TFA-RSA or RSA 
(1 pg per well in phosphate-buffered saline (PBS), 
pH 7.4) by overnight incubation at 4°C. After 
washing with 0.05 % (v/v) Tween 20 (Sigma) in 
PBS (PBS—Tween), non-specific binding sites 
were blocked by incubating the plates with 3% 
(w/v) gelatin (J. T. Baker, Phillipsburg, PA) in 
PBS (gelatin-PBS) for 1h at 37°C. The plates 
were washed with PBS—Tween and serial dilu- 
tions of patient serum in gelatin-PBS added, 
followed by incubation at room temperature for 
lh. Bound antibody was detected by incubating 
the plates with goat anti-human IgG-peroxidase 
conjugate (Organon Teknika-Cappel, Malvern, 
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PA), diluted 1:1000 in gelatin-PBS, for lh 
at room temperature, followed by development 
with the peroxidase substrate 2,2’-azino-bis (3- 
ethylbenzthiazoline-6-sulphonic acid) (ABTS; 
Sigma). The reaction was stopped with a 5% 
(w/v) aqueous solution of sodium dodecyl sul- 
phate (Sigma) and the plates were read on 
a Skatron EAR 340 microtitre plate reader 
(Skatron, Sterling, VA) with a 405-nm filter. 


Halothane microsome ELISA 


Serum samples were assayed by an adaptation 
of the method of Kenna, Neuberger and Williams 
[24]. Microtitre plates (PETG Fastbinder plates; 
COSTAR) were coated with either halothane- 
treated rabbit microsomal protein or normal 
rabbit microsomal protein by incubating protein 
1.5 ug per well in PBS, pH 7.4, overnight at 4 °C. 
A solution of 0.5% (w/v) casein (Sigma) and 
0.01 % (w/v) thimerosol (Sigma) in Tris-buffered 
saline 10 mmol litre!, pH 7.6 (casein—Tris buffer) 
was used to wash the plate and block non-specific 
binding sites [25]. Serum samples were diluted in 
casein-Tris buffer, added to the plates, and 
incubated for 1h at 37°C. After washing, the 
plates were incubated with goat anti-human IgG- 
peroxidase conjugate (Organon Teknika-Cappel), 
diluted 1:1000 in casein-Tris buffer, for 3h at 
room:temperature. The plates were washed and 
developed with a solution of o-phenylenediamine 
in citrate-phosphate buffer. The plates were 
stopped with a dilute solution of hydrofluoric acid 
and read on a Skatron EAR 340 plate reader using 
a 450-nm filter. 


Absorption with normal rabbit microsomes 


In order to reduce the immunoreactivity of 
patients’ sera with normal rabbit microsomal 
protein, an absorption procedure was used. 
Patient serum was mixed with normal rabbit 
microsomal protein diluted in casein—thimerosol 
buffer, incubated for 90 min at room temperature, 
and centrifuged at 105000 g for 2h. The super- 
natant fraction was removed and absorbed again 
by the same procedure. The final supernatant 
fraction was then tested in the halothane micro- 
some ELISA. 


TFA-lysine blocking ELISA 

The ability of N-e-trifluoroacetyl-1-lysine 
(TFA-lysine), the presumptive hapten formed by 
the reaction of oxidative metabolites of halothane 
with self protein, to block the binding of anti- 
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bodies from HH patients to microsomal protein 
from halothane-treated rabbits was measured by a 
modified ELISA. Patient serum was diluted with 
a solution of TFA-lysine (Chemical Dynamics 
Corp., South Plainfield, NJ) in casein-thimerosol 
buffer to yield a final hapten concentration of 
100 mmol litre™?. The dilutions were incubated 
overnight at 4°C followed by centrifugation at 
105000 g for 2h. The supernatant fraction was 
tested for reactivity with halothane-treated rabbit 
microsomes as described above. The data were 
expressed as the pre-blocking absorbance minus 
the post-blocking absorbance. 


Stattstical analysts 


For all ELISA results, corrected absorbance 
values were considered to be positive for anti- 
halothane metabolite antibody activity if they 
were greater than the sum of the mean of the 
absorbance values for controls plus 2 sp of the 
mean. To test for statistical significance, absorb- 
ance values of patient and control groups were 
compared by analysis of variance (ANOVA). 


RESULTS 


For initial evaluation, all the serum samples were 
tested using the TFA-RSA ELISA (fig. 1). Serum 
samples which gave an absorbance of greater than 
0.81 for a 1:100 dilution were considered to be 
positive for specific anti-halothane metabolite 
antibody activity. Using this criterion, eight of 12 





HH Inc. 
patients 


Normal 
Liver enzymes 
Fig. 1. ELISA (405-nm filter) using trifluoroacetylated rabbit 
serum albumin as antigen. The horizontal line at optical 
density 0.810 (the mean of controls plus 2 sp of the mean) 
indicates the cut-off used to determine positivity. 
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HH 
patients 


Fic. 2. ELISA (450-nm filter) using halothane-treated rabbit 
microsomes as antigen (halothane microsome ELISA). The 
horizontal line at optical density 1.190 is the mean of the 
control values plus 2 sD and is used to determine positivity. 


Inc. Normal 
Liver enzymes 





HH 
patients 


Inc. Normal 
Liver enzymes 
Fic. 3. Halothane microsome ELISA (450-nm filter) after 
serum samples were absorbed with normal rabbit microsomes. 
The horizontal line at optical density 0.860 (mean of 
controls-+2 sp) is used to determine positivity. 


samples from presumptive HH patients were 
positive. One false positive was observed in the 
normal liver enzyme control group. Two serum 
samples, one from the HH group and one from 
the increased liver enzyme group, demonstrated 
high reactivity with RSA alone (absorbances of 
1:100 dilutions = 1.74 and 2.0, respectively). 
‘Excluding these values, there was no significant 
difference between the groups for reactivity with 
RSA. 

Use of the halothane microsome ELISA 
demonstrated four of 12 serum samples from HH 


HH Inc. Normal 
patients Liver enzymes 
Fic. 4. Halothane-treated rabbit microsome ELISA using 
TFA-lysine to block antibody binding (TFA-lysine blocking 
ELISA). The difference in optical density (O.D.) was 
determined by subtracting the O.D. of the ELISA after TFA- 
lysine blocking from the O.D. determined without TFA- 
lysine blocking. An O.D. difference of 0.140 (mean of 
controls +2 sD) was used to determine positivity. 


patients to be significantly reactive (absorbance 
greater than 1.19), with a mean absorbance of 1.88 
for 1:100 dilutions (fig. 2). These samples were 
also positive as determined by TFA-RSA ELISA. 
There was a significant difference (P < 0.0001) 
between these four values and the absorbance 
values for the other presumptive HH patients and 
for the controls. Five of 12 samples gave positive 
results in the halothane microsome ELISA after 
absorption with normal microsomal protein (fig. 
3). One serum sample was positive in the 
halothane microsome ELISA, but negative after 
absorption with normal microsomal protein: this 
sample demonstrated high reactivity with normal 
rabbit microsomes as determined by ELISA. No 
false positives were observed. 

In the TFA-lysine blocking ELISA, some 
inhibition of antibody binding to halothane- 
modified rabbit microsomal protein could be 
demonstrated for six of 12 HH serum samples 
(fig. 4). Three samples were positive in the TFA- 
lysine blocking ELISA, but were negative in the 
other immunoassays. One sample (from patient 
No. 2), which was positive in all immunoassays 
except the TFA-lysine blocking ELISA, was 
positive for anti-hepatitis C antibody. All other 
samples were negative for hepatitis B surface 
antigen and anti-hepatitis C antibody. Of par- 
ticular interest are results of the isoflurane-related 
and occupational exposure cases. Serum from one 
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isoflurane-related case (patient No. 10) was posi- 
tive for antibody in both the , TFA-RSA ELISA 
and the halothane microsome ELISA after ab- 
sorption with normal microsomal protein. A 
pretreatment serum sample was available and 
tested negative in both assays. Serum from one 
occupational exposure case (patient No. 11) was 
also positive for antibody in both the TFA-RSA 
and postabsorption halothane microsome ELISA. 


DISCUSSION 


As part of our research into the mechanisms of 
HH, we receive sera by passive referral. Although 
our primary interest is research, we also have a 
role in patient care. We consider a sensitive assay 
for HH-associated antibody to be more important 
than a specific assay. Thus a certain percentage of 
false positive results should be more acceptable 
than the possibility of false negative results. As 
alternatives to halothane may be used, if a patient 
tests falsely positive for HH-associated antibody, 
the patient should not suffer. On the other hand, 
if a false negative result is reported a patient may 
be exposed unnecessarily to a potentially deadly 
agent. 

The TFA-RSA ELISA used in this study is 
based on the method first reported by Satoh and 
others [26]. An evaluation of this basic technique 
demonstrated that 59% of 44 diagnosed HH 
patients had serum antibodies detectable by this 
method [18]. Although no normal controls or 
patients who had received multiple halothane 
exposures without symptoms of hepatic dysfunc- 
tion were reactive in this assay, 17% of 17 
primary biliary cirrhosis patients and 46% of 13 
chronic active hepatitis patients had serum 
samples that were reactive. Thus, for at least two 
groups of patients, there was the possibility of a 
false positive result by this method. Evaluation of 
the assay by Hubbard and others [27] 
demonstrated that serum samples from five of six 
patients with apparent HH were immunoreactive 
in the TFA-RSA ELISA. Ten patients exposed 
to halothane but without symptoms of HH were 
essentially non-reactive in this assay. 

Two recent studies examined the efficacy of the 
TFA-RSA ELISA. Martin, Kenna and Pohl [19] 
reported that 26 of 44 serum samples (59 %) from 
presumptive HH patients tested positive using 
this assay and 15 of 126 patient control samples 
gave apparently false positive results (12 %). Bird 
and Williams [28] reported 12 of 40 HH serum 
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samples (30%) were positive and none of the 
patient control samples gave false positive results. 
There are several possible reasons for the apparent 
differences in these findings. Presumably the 
patient populations tested were different. 
Although the size of the control groups were 
different, both studies included patients with 
similar diagnoses. Although Martin and others 
{18, 19] reported a high false positive rate for 
patients with primary biliary cirrhosis or chronic 
active hepatitis, no false positives for patients with 
one of these diseases was observed by Bird and 
Williams. 

Small differences in assay procedures could also 
account for variations in results. Bird and 
Williams [28] diluted serum samples 1:50 and 
incubated for 3h at room temperature, followed 
by detection of bound antibody by incubation 
with a 1:1000 dilution of peroxidase-labelled 
second antibody, for 1h at room temperature. 
Martin, Kenna and Pohl [19] incubated serum 
samples (1:100) for 2h at room temperature, 
followed by incubation with the labelled second 
antibody (diluted 1:500) for 3h at room tem- 
perature. The longer incubation and lower di- 
lution of labelled second antibody used by Martin, 
Kenna and Poh] may have resulted in higher non- 
specific binding and thus a greater possibility of 
false positives. Examination of the results re- 
ported by Martin, Kenna and Pohl shows that, 
with one exception (a serum sample from a 
primary biliary cirrhosis patient), all of the false 
positive results were in the low absorbance range 
(optical density (O.D.) apparently less than 0.5). 
Bird and Williams found a significant relationship 
between detection of antibody and severity of 
disease, with 75% of patients demonstrating 
encephalopathy testing positive for anti-halothane 
metabolite antibody. This relationship was not 
reported by Martin, Kenna and Pohl. 

Martin, Kenna and Pohl [19] reported five false 
negative results. There was no way of assessing 
the incidence of false negative results in the study 
by Bird and Williams [28]. We found no false 
negative results using the TFA-RSA ELISA with 
the halothane microsome ELISA as the basis for 
confirmation (table I). Our method for evaluating 
ELISA data differed from other reports: we 
considered an ELISA absorbance value to be 
positive if it was greater than the mean of control 
values plus 2 sD of the mean: other authors use 
3sp. Thus we use a method of data evaluation 


_that allows for the greater possibility of a false 
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TABLE I. Comparison of analyses for halothane-induced anti- 

bodies in patients diagnosed with halothane hepatitis. * ELISA 

-using halothane-treated rabbit microsomal protein as antigen 

(halothane microsome ELISA). + ELISA using halothane- 

treated rabbit microsomal protein with sera pre-absorbed with 

untreated rabbit microsomal protein. $ TFA-lysine blocking 
ELISA 


Pre- TFA- 


Patient TFA-RSA Halothane absorbed lysine 


No. ELISA microsomes* microsomes} blocking} 
1 - = - + 
2 + + + - 
3 + - — = 
4 + - - - 
5 E= = - + 
6 + + + + 
7 + + — + 
8 - = - + 
9 + + + + 
10 + - + - 
11 + — + — 
12 — — — = 


positive in the belief that it is preferable to err on 
the side of caution. 

In agreement with both Martin, Kenna and 
Pohl [19] and Bird and Williams [28], we found 
two samples with high anti-RSA activity, one a 
presumptive HH patient and the other from the 
increased liver enzyme group. For the HH 
sample, subtracting the anti-RSA absorbance 
reduced the absorbance in the TFA-RSA ELISA 
to a non-significant value, which was also true for 
the control sample. Subsequent assays demon- 
strated that the control sample was negative for 
anti-halothane metabolite antibody activity. 

The most striking result of the ELISA using 
halothane-treated rabbit microsomal protein as 
antigen was the lack of sensitivity of the assay 
compared with the TFA-RSA ELISA. Although 
four samples gave absorbance values that were 
significantly different from controls (P < 0.0001), 
eight of the HH samples did not differ 
significantly from controls. Pre-absorption with 
normal microsomal protein before testing with 
halothane-treated microsomal protein increased 
the sensitivity of the assay. Using 0.86 as the 
absorbance cutoff, five of 12 samples (42%) were 
positive. All were positive also in the TFA-RSA 
ELISA. There were no false positives. 

The sensitivity of the halothane-treated micro- 
some ELISA has been reported to be 67% [19], 
67% [24] and 72 % [29]. Although the sensitivity 
reported here is lower, this could reflect higher 
anti-microsomal antibody titres in the samples 
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tested. A basic premise of halothane hepatitis 
research is that, although the initial immune 
response is hapten-specific, this response 
broadens to a generalized autoimmune response 
to self proteins, especially to microsomal proteins 
[15]. Thus pre-absorption could remove anti- 
bodies with partial hapten, partial carrier protein 
specificity, reducing the sensitivity of the assay. 

For the TFA-lysine blocking ELISA, six of 12 
samples (50%) demonstrated binding inhibition, 
including three samples that were negative in all 
of the previous assays. One false positive was 
observed. The presence of low-titre antibodies 
that appear to be immunoreactive with TFA- 
lysine could be the result of delay in obtaining a 
serum sample or the consumption of antibodies in 
the pathological process. 

To our knowledge, this is the first study in 
which sera from suspected HH patients were 
tested for anti-hepatitis C antibodies. One serum 
sample, from patient No. 2, which was positive in 
three of the immunoassays, tested positive for 
anti-hepatitis C virus. It is not known if the 
patient was diagnosed incorrectly for HH or had 
a concurrent hepatitis C infection. 

One patient (No. 10) had received isoflurane 
before developing hepatitis. To our knowledge, 
this is the first report of serological markers for 
HH being detected in a suspected isoflurane- 
related hepatitis patient. As a pretreatment serum 
sample tested negative for HH-related antibodies, 
this patient indeed could have suffered from 
hepatitis related to isoflurane anaesthesia. Un- 
fortunately, primary biliary cirrhosis or chronic 
active hepatitis were not excluded from the 
diagnosis, complicating interpretation of the 
results. 

Serum from an operating room nurse (patient 
No. 11) occupationally exposed to halogenated 
volatile anaesthetics tested positive in both the 
TFA-RSA ELISA and the halothane microsome 
ELISA. Again, primary biliary cirrhosis or 
chronic active hepatitis did not appear to have 
been excluded from the diagnosis. Both the 
isoflurane-related hepatitis and occupationally- 
related hepatitis patients demonstrate a problem 
for a passive referral system: we can only report 
the results of our assays. The physician must 
establish the diagnosis based, not only on lab- 
oratory data, but also on other evidence. 

Combining the results of two methods, the 
TFA-RSA ELISA and the TFA-lysine blocking 
ELISA, resulted in 92 % of sera from presumptive 
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HH patients testing positive for HH-associated 
antibodies. In conclusion, a combination of the 
TFA-RSA ELISA and TFA-lysine blocking 
ELISA appears to be acceptable as a screening 
method for detection of antibodies associated with 
HH. 
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PROTEIN METABOLISM AFTER ABDOMINAL SURGERY: 
EFFECT OF 24-H EXTRADURAL BLOCK WITH LOCAL 


ANAESTHETIC 


F. CARLI, J. WEBSTER, M. PEARSON, J. PEARSON, S. BARTLETT, 


P. BANNISTER AND D. HALLIDAY 


SUMMARY 


We have studied the effect of intraoperative and 
postoperative (24 h) extradural block with local 
anaesthetic on whole body protein turnover 
(stable isotope methodology) and urinary ex- 
cretion of urea nitrogen, adrenaline, noradren- 
aline and cortisol in a group of well nourished 
elderly patients undergoing colorectal surgery 
who received a constant nutritional intake before 
(7 days) and after (4 days) surgery. One group 
(control, n = 8) received routine anaesthetic and 
surgical care. Patients in the test group (extra- 
dural, n = 9) received extradural bupivacaine, 
and sensory block (T4-S5) was maintained 
during and after surgery for a period of 24h. 
Whole body protein breakdown and aminoacid 
oxidation increased significantly after surgery in 
both groups (P < 0.05), but the increase in 
protein breakdown in the extradural group was 
significantly less than that in the control group. 
Urinary excretion of urea nitrogen, adrenaline 
and noradrenaline increased in the control group 
after surgery, whilst the increase in the extradural 
group was very small. In contrast, urinary ex- 
cretion of cortisol increased significantly in both 
groups after surgery. We conclude that extradural 
block maintained for 24h after surgery sig- 
nificantly minimized postoperative protein break- 
down without compromising whole body protein 
synthesis. 


KEY WORDS 


Metabolism: protein. Anaesthetic techniques: extradural. 


The metabolic response to surgery is associated 
with a negative nitrogen balance that results from 


a decrease in whole body protein synthesis, an 
increase in whole body protein breakdown or a 
combination of both. 

Interpretation of injury~induced perturbations 
of protein metabolism must be considered in the 
light of preoperative nutritional status, postopera- 
tive nutritional intake and the intensity of trauma. 
A recent study has focused on the protein kinetic 
response to surgery under rigidly controlled 
nutritional conditions [1]. 

Administration of local anaesthetics via the 
extradural route prevents a major part of the 
classical endocrine—-metabolic response to surgical 
procedures including lower abdominal surgery 
and operations on the lower extremities [2]. 
Brandt and colleagues [3] reported significantly 
less negative cumulative nitrogen balance after 
surgery in patients who received extradural an- 
aesthesia for abdominal hysterectomy compared 
with general anaesthesia. Vendrinne and col- 
leagues [4] observed a significant decrease in 
urinary excretion of 3-methylhistidine, an indi- 
cator of protein catabolism, in patients who 
underwent colonic surgery and received con- 
tinuous extradural bupivacaine for 48h after 
surgery. 

The present study was designed to evaluate 
changes in whole body protein turnover and 
catabolic hormones during the postoperative 
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period in patients who received extradural local 
anaesthetics during surgery and for a period of 
24h after surgery. Intake of protein and calories 
was maintained constant throughout the preoper- 
ative and postoperative periods. 


PATIENTS AND METHODS 


The study was approved by the Ethics Committee 
of Northwick Park Hospital and informed consent 
was obtained from 17 patients undergoing anterior 
resection; in all subjects the cancer of the 
sigmoid—rectum was a single localized lesion with 
no metastases. None of the patients had cardiac, 
hepatic, renal or metabolic disorders, or suffered 
from protein—calorie malnutrition. 

Mean (sD) preoperative plasma albumin con- 
centration in the two groups was 37 (2) g litre? 
and 38 (2) g litre"!. Patients were admitted to the 
metabolic ward and an oral daily diet based on 
nitrogen 0.1 g kg"! and 84 J kg"! (60% fat, 35% 
carbohydrate and 5% protein contribution) was 
started 6 days before surgery, under dietetic 
supervision. The same amount of energy and 
nitrogen was administered i.v. and commenced 
6-8 h from the end of surgery and continued for 
4 days after surgery. The parenteral nutrition 
(KabiVitrum, Stockholm, Sweden) was admin- 
istered via a peripheral cannula at a constant rate 
via an infusion pump (IMED 928, IMED, 
Milton). Skinfold thicknesses (biceps, triceps, 
subscapular, iliac crest) and mid-arm circum- 
ference were measured on the day before surgery 
and the percentage of body fat calculated [5]. 

Patients were allocated randomly to two groups 
(control or extradural) of eight and nine patients, 
respectively, to receive either general anaesthesia 
alone or extradural block supplemented by a 
general anaesthesia. Premedication comprised 
papaveretum 10-20 mg and hyoscine 0.2- 
0.4 mg i.m. 60 min before surgery. General an- 
aesthesia was induced with thiopentone and 
neuromuscular block obtained with pancuronium. 
The lungs were ventilated to normocapnia (B’¢o, 
4.5-5.5 %) with 70% nitrous oxide and enflurane 
in oxygen. 

In the extradural group, an extradural catheter 
was inserted between T9 and T11 and 0.75% 
bupivacaine 15-20 ml was injected to produce 
segmental sensory block from T4 to S5. Ad- 
ditional local anaesthetic (5-10 ml) was injected 
into the extradural space 1-2 h later. At the end of 
surgery, extradural 0.25% bupivacaine was in- 
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fused continuously at a rate of 10-15 ml h~ and 
maintained for 24h. During this period sensory 
analgesia from T4 to S5 was assessed 2-hourly 
and when necessary a further dose of bupivacaine 
administered. In both groups, i.m. papaveretum 
was given when required for postoperative anal- 
gesia. During surgery all patients received an i.v. 
infusion of Hartmann’s solution 6 ml kg“ h~t. 
Whole blood was administered when blood loss 
exceeded 20% of the patient’s blood volume. 
All operations started between 08:30 and 10:30 
and were performed by the same surgical team. 


Protein turnover studies 


Oral and i.v. nutrition were withheld from 
midnight before the morning of the studies, which 
were conducted between 08:00 and 12:00. The 
isotope infusions were carried out in all patients 
on the day before surgery and on days 2 and 4 
after surgery. A superficial vein in the dorsum of 
one hand was cannulated and the cannula kept 
patent with heparinized saline. A second super- 
ficial vein in the contralateral arm was cannulated 
to provide access for infusion of L-[1-1%C}leucine. 
Blood and expired air samples were collected 
before the infusion to determine baseline carbon- 
13 enrichment. Primed doses of [!°C]NaHCO, 
0.08 mg kg"! and L-[l1-"C]leucine 0.5 mg kg™ 
were administered, followed immediately by a 
continuous infusion of L-[1l-°C}leucine 0.5 
mgkg? which was maintained for 4h. All 
isotope solutions were prepared by the hospital 
pharmacy and shown to be sterile and pyrogen 
free. 

Venous blood and expired air samples were 
collected every 15 min during the final 2 h of the 
infusion period; it has been demonstrated that 
during this time an isotope steady state is 
achieved. Each blood sample was transferred to a 
pre-cooled heparinized tube, centrifuged at 4 °C 
and the plasma stored at —70°C until a- 
ketoisocaproate (a-KIC) enrichment could be 
measured. Expired air samples were collected in a 
2-litre latex bag and transferred immediately by 
syringe to duplicate 20-ml Vacutainers (Beckton, 
Dickinson) to await [C]carbon dioxide enrich- 
ment analysis. Oxygen consumption and carbon 
dioxide production were measured by indirect 
calorimetry using a previously calibrated meta- 
bolic monitor (Datex, Helsinki, Finland) during 
the 2-h isotope plateau on each day of the study. 

Whole body leucine kinetics were calculated by 
conventional isotope dilution methodology using 
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a two-pool stochastic model during steady state 
conditions [6]. Plasma enrichment of -KIC was 
used as the basis for calculating both the flux 
and oxidation rate of leucine. Plasma a-KIC 
enrichment and concentration were measured 
by electron impact selected-ion monitoring gas 
chromatography—mass spectrometry, using keto- 
valeric acid as internal standard [7]. Expired 
breath [°C]carbon dioxide enrichment was meas- 
ured on the day of the study by isotope ratio mass 
spectrometry and used to calculate leucine oxi- 
dation. A factor of 0.81 was applied to account for 
the fraction of [#*C]carbon dioxide released by 
F®C]leucine oxidation but retained within slow 
turnover rate of pools of the body [8]. 


Urinary urea nitrogen, creatinine, adrenaline, 
noradrenaline and cortisol concentrations 

Urine was collected for a 24-h period on two 
consecutive days before surgery and four con- 
secutive days after surgery. Aliquots were anal- 
ysed for concentrations of urea nitrogen, creati- 
nine, adrenaline, noradrenaline and cortisol. Urea 
nitrogen and creatinine were determined by the 
SMAC automated procedure. Urinary cate- 
cholamines were measured by reverse-phase ion- 
paired high pressure liquid chromatography with 
electrochemical detection [9] and urinary cortisol 
was measured by a fluorimetric method [10]. All 
measurements of metabolites and hormones were 
performed in duplicate. 


C-reactive protein 

Blood samples were taken before, and 2 and 4 
days after surgery to monitor acute phase response 
by measurement of C-reactive protein using an 
immunoturbidimetric assay [11]. 


Statistical analysis 

Results are expressed as mean and range or sD 
or SEM. Analysis of variance was performed for 
flux, oxidation and synthesis. Two factors were 
included in the analysis: treatment and time. 
Treatment comparisons were made between 
groups, while time comparisons were made within 
groups. For all these analyses, the normality of 
residuals and equality of residual variances were 
tested using Shapiro Wilk’s test and Schweder’s 
test, respectively. These tests revealed one person 
with extreme results which were excluded from 
the analysis, leaving two groups of eight. A 
summary measure was determined for urinary 
nitrogen, creatinine, adrenaline and noradrenaline 
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concentrations, and this was the difference be- 
tween l day postoperative and preoperative 
values. The variability in this measurement 
differed between the control and extradural 
groups and therefore a Mann-Whitney test was 
used to compare the groups. 


RESULTS 


Patient characteristics were comparable in the two 
groups (tables I, II). The total amount of 
papaveretum administered during the first 24h 
after surgery in the control group was 95 (sp 
22) mg, compared with 32 (18) mg in the extra- 
dural group (P < 0.05). 


TABLE I. Patient data (mean (range)) 


Control Extradural 

(n = 8) (n = 8) 
Sex (M: F) 2:6 3:5 
Age (yr) 68 (58-75) 70 (59-78) 
Weight (kg) 55 (40-72) 57 (52-67) 
BMI (kg m~?) 22 (17-29) 21 (17-27) 
Fat (%) 29 (26-32) 28 (25-33) 


TABLE II. Clinical data (mean (range)) 


Control Extradural 
(n = 8) (n = 8) 
Preoperative 14 (11-16) 13 (12-16) 
starvation (h) 
Duration of 178 (170-200) 185 (165~200) 
surgery (min) 
Blood loss (ml) 937 (620-1150) 878 (550-1040) 


TABLE III. Mean (SEM) values of whole body protein flux/ 
breakdown, oxidation and synthesis before and after surgery 


Protein (umol kg h~}) 





2 days 4 days 
Before after after 
Treatment surgery surgery surgery SEM 
Flux 
Control (n = 8) 117.3 162.0 158.8 5.41 
Extradural (n = 8) 139.3 154.2 156.4 5.41 
Oxidation 
Control (n = 8) 15.8 30.0 32.6 1.88 
Extradural (n = 8) 21.3 28.2 31.0 1.88 
Synthesis 
Control (7 = 8) 101.6 132.0 126.2 4.65 
Extradural (n = 8) 118.1 126.1 125.4 4.65 
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TABLE IV. Differences between average postoperative (over 2 
and 4 days) and preoperative values of protein turnover 





95% 
Confidence 
Treatment Difference interval P 

Flux 

Control (n = 8) 14.3 9.8-18.8 <0.001 

Extradural (1 = 8) 5.3 0.8-9.8 < 0.023 
Oxidation 

Control (n = 8) 5.2 3.6-6.8 < 0.001 

Extradural (n = 8) 2.8 1.2-4.4 0.001 
Synthesis 

Control (n = 8) 9.2 5.3-13.1 < 0.001 

Extradural (n = 8) 2.6 — 1.3-6.5 0.182 


Preoperative protein data were comparable in 
the two groups. Analysis of variance showed that 
there was no significant difference between the 
2nd and the 4th days postoperative values for flux 
(P = 0.9), oxidation (P = 0.15) and synthesis (P 
= 0.5). The difference between the average post- 
operative values over 2 and 4 days, and the 
preoperative values were found to be significantly 
different between treatments for flux (P = 0.07), 
oxidation (P = 0.035) and synthesis (P = 0.02) 
(table III). There was a significant increase 
between preoperative and average postoperative 


BRITISH JOURNAL OF ANAESTHESIA 


values for flux and oxidation in both groups, and 
for synthesis in the control group (table IV). In all 
variables the increase in the control group was 
greater than in the extradural group. 

Urinary urea nitrogen concentration increased 
in the control group after surgery by more than 
50% during the first day after operation and 
remained increased thereafter. In contrast, there 
was a small increase in the extradural group. 
These changes were significantly different be- 
tween the two groups (P < 0.001). Urinary creat- 
inine increased after surgery in both groups, and 
there was a small, but not significant difference 
between the two groups (P = 0.052) (table V). 

Both urinary adrenaline and noradrenaline 
concentrations increased after surgery in the 
control group, but there was little change in the 
extradural group. The change after surgery was 
significantly different between the groups (P < 
0.001) for both variables. Urinary cortisol ex- 
cretion increased significantly (P < 0.001) after 
surgery in both groups, but there was no signif- 
icant difference between groups (table V). 

Preoperative C-reactive protein was 3.1 
(3.7) ng litre? in the control group and 1.8 
(1.1) ng litre? in the extradural group. These 
values increased significantly (P < 0.001) 24h 
after surgery to 77.3 (42.1) ng litre"! in the control 


TABLE V. Urinary excretion (mean (SD)) of urea nitrogen, creatinine, adrenaline, noradrenaline and 
cortisol in the two groups 





Before 
surgery After surgery 
Day —1 Day +1 Day +2 Day +3 Day +4 
Urea nitrogen 
(mmol day~) 
Control 84 (9) 124 (12) 126 (19) 119 (16) 113 (16) 
Extradural 81 (14) 84 (17) 84 (18) 90 (18) 89 (17) 
Creatinine 
(mmol day~*) 
Control 6 (3) 135) 14 (6) 12 (5) 12 (5) 
Extradural 5 (3) 10 (4) 10 (5) 10 (5) 8 (4) 
Adrenaline 
(umol day~*) 
Control 0.05 (0.03) 0.31 (0.13) 0.02 (0.08) 0.12 (0.04) 0.10 (0.04) 
Extradural 0.04 (0.03) 0.09 (0.03) 0.06 (0.03) 0.04 (0.03) 0.04 (0.02) 
Noradrenaline 
(umol day*) 
Control 0.15 (0.04) 0.43 (0.16) 0.41 (0.15) 0.36 (0.14) 0.36 (0.13) 
Extradural 0.19 (0.08) 0.23 (0.08) 0.21 (0.09) 0.20 (0.08) 0.18 (0.07) 
Cortisol 
(nmol day~) 
Control 379 (162) 3391 (760) — 2235 (643) — 
Extradural 412 (125) 2970 (410) — 2127 (782) — 
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group and 96.5 (28.2) ng litre"! in the extradural 
group. 


DISCUSSION 


We have shown that extradural anaesthesia with 
local anaesthetic established before surgery and 
maintained for 24h after surgery minimized 
postoperative loss of protein over a period of 4 
days. 

Negative nitrogen balance develops after sur- 
gery and it has not been possible to restore 
equilibrium by nutritional means alone in the 
immediate postoperative period in the non- 
depleted patient [12]. Because of the problems 
with use of nitrogen balance as a criterion for 
assessing protein metabolism, and the influence of 
perioperative nutritional status on protein turn- 
over, we have used stable isotopes to provide a 
more dynamic and direct determination of whole 
body protein metabolism by measuring protein 
flux or breakdown, leucine oxidation and syn- 
thesis [13]. The significantly smaller increase in 
whole body protein breakdown and aminoacid 
oxidation after surgery, associated with the small, 
but not significant, change in synthesis observed 
in the extradural group, strongly suggests that 
extradural anaesthesia was effective in attenuating 
protein loss, without affecting whole body protein 
synthesis. 

Although our patients had cancer, none suffered 
from protein—calorie malnutrition as shown by the 
normal range of anthropometric indices and 
plasma concentration of albumin before surgery. 
The possible effect of a malignant tumour on 
protein metabolism of the host has been con- 
sidered in previous studies [14, 15], and although 
the preoperative values of whole body protein 
turnover in both groups were increased, they were 
not significantly different from protein turnover 
in non-cancer patients reported earlier [1]. 

Previous reports have demonstrated the 
beneficial effect of extradural anaesthesia on 
nitrogen balance and protein metabolism; how- 
ever, deficiencies in controlling different variables 
led to contrasting results. Brandt and colleagues 
[3] showed significantly less negative postopera- 
tive cumulative nitrogen balance in patients who 
received extradural anaesthesia for abdominal 
hysterectomy compared with general anaesthesia. 
Later, in a study similar to the present investi- 
gation, where nutritional intake was controlled, 
Vendrinne and colleagues [4], reported signif- 
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icantly less urinary excretion of 3-methylhistidine 
in an extradural group. In contrast, Hjortso and 
colleagues [16] reported that extradural analgesia 
failed to prevent nitrogen loss after abdominal 
surgery; however, they studied patients under- 
going either lower or upper abdominal surgery in 
whom preoperative and postoperative nitrogen 
and energy intakes were not well controlled. 

The extent of the extradural block needed to 
decrease the neuronal afferent input (T4-S5) and 
its duration (more than 24 h) appear to be essential 
variables if a prolonged effect on intermediary 
metabolism is required. This has been shown in 
early studies on the influence of spinal anaesthesia 
on the metabolic response to surgery [2] and more 
recently by Carli and Emery [17] who were unable 
to attenuate the postoperative loss of body protein 
in patients who had an extradural block from T8 
to S4 limited only to the period of surgery. 

The high concentration of urinary cortisol 
observed in the extradural group after surgery 
suggests that the regimen used in this study was 
not sufficient to provide afferent block capable of 
preventing the increased concentration of circula- 
ting cortisol. However, there is no agreement on 
whether or not this hormone plays a significant 
role in modulating protein catabolism. While 
Christensen and colleagues [18] reported that 
glutamine efflux from muscle remained at pre- 
operative values when extradural anaesthesia was 
used, Hulton and colleagues [19] were unable to 
demonstrate in dogs any effect of extradural block 
on muscle proteolysis, despite a suppressed in- 
crease in circulating concentration of cortisol. It 
remains to be established if other hormones or 
humoral factors such as cytokines are directly 
responsible for modulating protein metabolism. 


ACKNOWLEDGEMENTS 


This study was supported by research grants from the North 
West Thames Regional Health Authority and the Association 
of Anaesthetists of Great Britain and Ireland. We are grateful 
to the Department of Clinical Chemistry for measuring 
metabolites and hormones and Kabi Vitrum for supplying 
Vamin and Intralipid solutions. 


REFERENCES 


1. Carli F, Webster J, Ramachandra V, Pearson M, Read M, 
Ford GC, McArthur S, Preedy VR, Halliday D. Aspects 
of protein metabolism after elective surgery in patients 
receiving constant nutritional support. CHnical Science 
1990; 78: 621-628. 


734 


10, 


. Kehlet H. The modifying effect of general and regional 


anaesthesia on the endocrine-metabolic response to sur- 
gery. Regional Anaesthesia 1982; 7: 38-48. 


. Brandt MR, Fernandes A, Mordhorst R, Kehlet H. 


Epidural analgesia improves postoperative nitrogen bal- 
ance. British Medical Journal 1978; 1: 1106-1108. 


. Vedrinne C, Vedrinne JM, Guiraud M, Patricet MC, 


Bouletreau P. Nitrogen-sparing effect of epidural admin- 
istration of local anesthetics in colon surgery. Anesthesia 
and Analgesia 1989; 69: 354-359. 


. Durnin JVGA, Womersley J. Body fat assessed from total 


body density and its estimation from skinfold thickness: 
measurements on 481 men and women aged 16 to 72 
years. British Journal of Nutrition 1974; 32: 77-97. 


. Schwenk WF, Beaufrere B, Haymond MW. Use of 


reciprocal pool specific activities to model leucine metab- 
olism in human. American Journal of Physiology 1985; 
249: E646-650. 


. Ford GC, Cheng KN, Halliday D. The analysis of [1- 


lC}leucine and C-a-KIC in plasma by capillary gas 
chromatography/mass spectrometry in protein turnover 
studies, Biomedical Mass Spectrometry 1985; 12: 432-436. 


. Matthews DE, Motil KJ, Rohrbaugh DK, Burke JF, 


Young VR, Bier DM. Measurement of leucine metabolism 
in man from a primed, continuous infusion of L-[l- 
13C]leucine. American Journal of Physiology 1980; 238: 
E473-479, 


. Molnar J, Horwath C. Reverse phase chromatography of 


polar biological substances: separation of catechol com- 
pounds by high performance liquid chromatography. 
Clinical Chemistry 1976; 22: 1496-1502. 

Mattingly D. A simple fluorimetric method for the 
estimation of free 10-hydroxycorticosteroids in human 
plasma. Journal of Clinical Pathology 1962; 15: 374-379. 


Il. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


BRITISH JOURNAL OF ANAESTHESIA 


Price CP, Trull AK, Berry D, Gorman EG. Development 
and validation of a particle-enhanced turbidimetric im- 
munoassay for C-reactive protein. Journal of Immuno- 
logical Methods 1987; 99: 205-224. 

Fellows IW, Woolfson AMJ. Effects of therapeutic 
intervention on the metabolic responses to injury. British 
Medical Bulletin 1985; 42: 287-294. 

Halliday D, Rennie MJ. The use of stable isotope for 
diagnosis and clinical research. Clinical Science 1987; 63: 
485-496. 

Carmichael MJ, Clague MB, Keir MJ, Johnston IDA. 
Whole body protein turnover, synthesis and breakdown in 
patients with colorectal carcinoma. British Journal of 
Surgery 1980; 67: 736-739. 

Glass RF, Fern EB, Garlick PJ, Whole body protein 
turnover before and after resection of colorectal tumours. 
Clinical Science 1983; 64: 101-108. 

Hjortso NC, Christensen NJ, Andersen T, Kehlet H. 
Effects of the extradural administration of local anaesthetic 
agents and morphine on the urinary excretion of cortisol, 
catecholamines and nitrogen following abdominal surgery. 
British Journal of Anaesthesia 1985; 57: 400-406. 

Carli G, Emery PW. Intraoperative epidural blockade 
with local anaesthetics and postoperative protein break- 
down associated with hip surgery in elderly patients. Acta 
Anaesthesiologica Scandinavica 1990; 34: 263-267. 
Christensen T, Waaben J, Lindeburg T, Vesterberg K, 
Vinnars E, Kehlet H. Effect of epidural analgesia in 
muscle aminoacid pattern after surgery. Acta Chirurgica 
Scandinavica 1986; 152: 407-411. 

Hulton N, Johnson DJ, Smith RJ, Wilmore DW. 
Hormonal blockade modifies post-traumatic protein cat- 
abolism. Journal of Surgical Research 1985; 39: 310-315. 


"x 


British Journal of Anaesthesia 1991; 67: 735-740 


EFFECTS OF LOW CONCENTRATIONS OF CYCLOPROPANE 


AND HALOTHANE ON PEAK VELOCITY OF SACCADIC EYE 


MOVEMENTS 


J. YOSHIZUMI, R. W. MARSHALL AND M. D. VICKERS 


SUMMARY 


We have investigated the effect of 4.7 and 8.8% 
MAC of cyclopropane, and 5.3 and 9.3% MAC 


.of halothane on the peak velocity of saccadic eye 


movements (PSV) in six healthy volunteers. Both 
concentrations of cyclopropane and halothane 
significantly depressed PSV (P <0.01) com- 
pared with air, in a dose-related fashion. Halo- 
thane depressed PSV significantly more than 
cyclopropane (P < 0.05). PSV returned to base- 
line within 5 min after discontinuation of the 
agents. There was no significant difference 
between cyclopropane, halothane and air in 
subjective assessment of sedation. 


KEY WORDS 


Anaesthetics volatile: cyclopropane, halothane. Brain: moni- 
toring, saccadic eye movements. 


Saccadic eye movements are the fastest movement 
of which the oculomotor system is capable. The 
peak velocity of saccadic eye movement (PSV) is 
thought to be an indicator of the functional state 
of a well defined group of neurones in the 
brainstem reticular formation [1] and, besides 
being a sensitive indicator of CNS depression, has 
the advantage of being beyond voluntary control 
[2]. In a previous study [3], 5 and 10% MAC of 
isoflurane were found to depress PSV, whereas 
the effects of equi-MAC concentrations of nitrous 
oxide were indistinguishable from those of air. 
One hypothesis to explain the difference between 
the agents is the sympathetic stimulating effect of 
nitrous oxide [4, 5]. Cyclopropane has a similar 
stimulating effect [6,7]. We have therefore 
investigated this hypothesis by comparing the 


effect on PSV of 5% and 10% MAC concentra- 
tions of cyclopropane with halothane, an agent 
generally regarded as similar to isoflurane [8]. 

The aims of this study were to determine if 5% 
and 10% MAC concentrations of cyclopropane 
and halothane affect PSV, if these effects were the 
same for both agents and if there was a dose-effect 
relationship. 


SUBJECTS AND METHODS . 


We studied six drug-free healthy volunteers, aged 
21-33 yr. Informed consent was obtained from 
each subject and the study was approved by the 
local Ethics Committee. The study consisted of 
three treatment sessions given at intervals of 1 
week or greater. Each session consisted of as- 
sessment while breathing air or 5% and 10% 
MAC concentrations of one of the test agents. 
The agents were administered in a random order 
determined by opening the next envelope in a 
pregenerated set of six sets of the three sequences. 
Each volunteer was allowed to practise the 
saccadic eye movement task before the formal 
sessions until there was no learning effect. 


Breathing system 


Concentrations of 0.5-1 % cyclopropane in air 
were delivered by a Boyle anaesthetic machine 
with a total fresh gas flow of 12 litre min“. 
Concentrations of 0.05-0.14% halothane were 
delivered using a calibrated Fluotec 3 vaporizer 
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Fic. 1. Diagram of breathing system and experimental arrangements. 
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Eye displacement (°) 
Fic. 2. Relationship between eye displacement (degrees) and 
PSV, with fitted quadratic curves, for air (O) and halothane 


(@). -The interpolated value at 35° was taken as the PSV 
: measure. 


and diluting the output concentrations with air via 
a second calibrated flowmeter with a total fresh 
gas flow of 12-22 litre min`. The inspiratory 
concentrations were adjusted to maintain as near 
as 5% and 10% MAC of end-tidal concentrations 
as possible (0.46 and 0.92% cyclopropane; 0.038 
and 0.076% halothane [9]), based on the 
NARKUP computer program [10] adjusted for 
the subject’s age, sex, height and body weight. In 
the case of halotharie, overpressure was applied 


for 10 min by giving approximately 2-2.5 times 
the required concentration and this was followed 
by the maintenance concentration for 20 min. 
The breathing system is shown in figure 1. An 
Ambu valve was inserted into the inspiratory limb 
of the breathing system to avoid the expired gas 
being diluted by excess fresh gas. Each volunteer 
wore a Royal Air Force pilot’s face mask with 
non-rebreathing valves. Two fine bore tubes were 
attached to the mask and alveolar gas samples 
were taken through one tube at 10-min intervals 
just before each PSV measurement. Expired 
carbon dioxide was monitored continuously with 
a Normocap 200 infra-red analyser through the 
other sample tube to identify the alveolar plateau. 
Cyclopropane and halothane concentrations were 
measured by gas-liquid chromatography cali- 
brated by standard gas mixtures. Halothane 
standards in the range 0.02-0.2 vol% were pre- 
pared in gas-tight glass jars of known volume 
using a weighed aliquot of liquid halothane and 
treating the vapour as if it were an ideal gas. In the 
case of cyclopropane, a calculated volume of pure 
gas was taken from a Boyle anaesthetic machine 
by a syringe to obtain standards between 0.5 and 
lvol%. . 


Saccadic eye movement measurements 


Complete details of the eye movement record- 
ing system have been reported in two previous 
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papers [3, 11]. In brief, saccades were generated 
by requiring the subject to follow the horizontal 
movements of an illuminated target. An IBM 
compatible (Opus PC II) microcomputer con- 
trolled the target movements (fig. 1). The target 
was moved every 1.5 s instantaneously in a pre- 
determined pattern designed to generate 24 
analysable saccades at symmetrical eye displace- 
ments of 10°, 20°, 30° and 40°. Three such 
sequences were taken with 20-s intervals at each 
measurement point. 

Eye position was monitored from the electro- 
oculogram (EOG), which was measured from 
stick-on silver-silver chloride electrodes placed 
lateral to both outer canthi, and a reference 
electrode on the forehead (fig. 1). Electrode 
resistances were always less than 4 kQ. The EOG 
was d.c. amplified, low-pass filtered (—3 dB at 
50 Hz) before being digitized to 12-bit resolution 
at a sampling frequency of 250 Hz and stored on 
disk. 

Saccades were analysed in two stages according 
to the method of Marshall and Richens [12]. The 
digitized data from each target displacement were 
first processed to locate saccades. Each saccade 
was analysed to extract the size of the saccade in 
degrees and the PSV in degrees per second. Few 
saccades are completely accurate and so the size of 
the saccade may be greater (overshoot) or less 
(undershoot) than the target displacement. Be- 
cause peak velocity is determined by the size of 
the saccade and not the size of the target 
displacement, it is necessary to model the 
velocity—saccade size relationship and calculate 
the velocity achieved for a defined saccade size. 
Saccades show a unique feature: the greater the 
angular eye movement up to about 30-35°, the 
greater the peak velocity. Therefore the relation- 
ship between the degree of eye displacement and 
PSV was modelled for each measurement oc- 
casion, by fitting a quadratic curve to the 
displacement—velocity relationship. The inter- 
polated value at 35° was taken as the measure in 
this study (fig. 2). (There is always greater 
variability in the displacement—velocity points 
with volatile agents than with air, and this 
variability increases with increasing concentra- 
tions. At concentrations greater than those used in 
this study, the combination of increased varia- 
bility and “‘missed” values renders the measure- 
ment of PSV unreliable.) 

Each session started with a 15-min baseline 
period with the subject breathing air, followed by 
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30 min each of approximately 5% and 10% MAC 
and 10 min for recovery breathing air. PSV was 
measured at 5-min intervals during the baseline 
period, at 10-min intervals during the inhalation 
of 5% and 10% MAC and once during the 
recovery period. An additional measurement was 
made after a 15-min break without the face mask. 
All the PSV measurements were normalized by 
dividing the values by the mean of the baseline 
Measurements on that treatment day. These 
normalized PSV values at 15 and 25 min at each 
anaesthetic concentration were averaged and the 
means were compared with control air values by 
Student’s two-tailed ¢ test. As the study was 
designed to answer specific questions, a multiple 
comparisons correction was not applied [13]. 


Subjective assessments 


Each subject was asked to assess their degree of 
sedation by marking a 10-cm linear analogue scale 
each time just before the PSV measurements, The 
extremes were denoted as “wide awake” and 
“just before falling asleep”. All visual analogue 
scores (VAS) were normalized by subtracting the 
mean of the baseline measurements on that day. 
Wilcoxon’s rank sum test was applied to 
normalized VAS. Subjects were also asked about 
the presence or absence of odour, headache and 
nausea at the end of each treatment, and Fisher’s 
test of exact probability was applied to the 
responses. 


RESULTS 


The normalized PSV values at 35°, the visual 
analogue scores and the end-tidal concentrations 
of cyclopropane and halothane are plotted in 
figure 3. Mean end-tidal concentrations of 
cyclopropane were 4.7 (SEM 0.3) % and 8.8 (0.8) % 
of MAC and those of halothane were 5.3 (0.5) % 
and 9.3 (0.5)% of MAC, respectively, at 15 and 
25 min of each session. End-tidal concentrations 
of carbon dioxide were always in the range 4-5 % 
with each concentration of each agent. Both 
cyclopropane and halothane caused a highly 
significant (P < 0.01) dose-related depression of 
PSV. Depression of PSV by halothane was 
significantly greater than that caused by 
cyclopropane (P < 0.05) (fig. 3). To correct for 
the actual concentrations not being exactly 5 or 
10% of MAC, the grand mean of all 
concentrations of both agents was calculated and 
found to be 7.0 (0.5) % of MAC. The PSV values 


VAS (mm) 


Conen (% MAC) 
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Fic, 3. Mean (SEM) effect of 5% and 10% MAC concen- 

trations of cyclopropane (A), halothane (O) and air (0) on 

normalized PSV and VAS, and end-tidal concentrations 

(Concn) (as a percentage of MAC) of cyclopropane (A) and 

halothane (©) in six volunteers. ** P < 0.01; *** P < 0.001 

compared with air; t P < 0.05 cyclopropane compared with 
halothane. 


for each agent were interpolated for this con- 
centration. Cyclopropane caused an 88.9 (1.4)% 
reduction in normalized PSV and halothane a 82.0 
(2.2)% reduction (fig. 4) (P < 0.05). PSV had 
returned to baseline values within 5 min of 
discontinuation of the anaesthetic agents. End- 
tidal concentrations at this time were 2.1 (0.4)% 
of MAC for cyclopropane and 3.0 (0.7) % of MAC 
for halothane. 

There was no significant differences in VAS 
between air and either cyclopropane or halothane 
(fig. 3). Subjective assessment of the appreciation 
of odour, the feeling of nausea and headache 
under each treatment are shown in table I. The 
only significant difference between the agents was 
detection of odour between halothane and air. 
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Fic. 4. Mean (SEM) normalized PSV of cyclopropane (A) and 

halothane (O) interpolated at the grand mean concentration of 

7.04% MAC in six volunteers. *P< 0.05 cyclopropane 
compared with halothane. 


TABLE I. Subjective assessments of odour, nausea and 
headache. A= Air, C = cyclopropane and H = halothane. 
**P < 0.01 compared with air 


A C H 

Odour 

Present 0 3 6** 

Absent 6 3 0 
Nausea 

Present 0 0 2 

Absent 6 6 4 
Headache 

Present 0 1 0 

Absent 6 5 6 

DISCUSSION 


Our results show that both cyclopropane and 
halothane caused dose-dependent depression of 
PSV and that depression with halothane was 
significantly greater than with cyclopropane at 
equivalent sub-anaesthetic concentrations. 

The brain tension of cyclopropane quickly 
equilibrates with a constant inspired tension 
because of the low solubility of cyclopropane in 
blood and brain tissue. This is not true of 
halothane. The NARKUP computer program 
[10] was run with the same profile of inspired 
concentrations as in the experiment, and the 
values of brain and alveolar tension were 
computed at 15 and 25 min and averaged. The 
computed alveolar concentrations were in good 
agreement with the measured values (table IT). 
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TABLE II. Means of results at 15 and 25 min tn each session 


Alveolar concentrations 





Measured Computed 


(vol %) (vol %) 
Cyclopropane 
5% MAC 0.434 0.430 
10% MAC 0.812 0.880 
Halothane 
5% MAC 0.040 0.035 
10% MAC 0.071 0.070 


Therefore the brain tension in MAC units was 
estimated for each subject from the individual 
measured alveolar concentrations and the com- 
puted brain:alveolar tension ratio (table II). 
Accordingly, the averages of normalized PSV at 
15 and 25 min could be compared for each session. 

The end-tidal concentrations of both agents 
were smaller than the target concentrations of 5% 
and 10% MAC, mainly because we were not able 
to monitor end-tidal concentrations continuously. 

VAS for sedation failed to differentiate both 
cyclopropane and halothane from air. Two of six 
subjects showed improvement in VAS for sed- 
ation while alveolar concentrations were increas- 
ing, although PSV was progressively depressed. 
This suggests that subjective assessments are an 
unsatisfactory indicator of mild CNS depression, 
a conclusion reached by Gao, Marshall and 
Vickers for isoflurane [3], and by Gao, Mapleson 
and Vickers for propofol [11]. 

Although direct comparisons are not possible, 
this study, using identical methodology and many 
of the same volunteers, found that halothane had 
effects identical to those of isoflurane at almost 
-equi-sub-MAC concentrations [3]. However, 
cyclopropane was not similar to nitrous oxide, but 
produced an intermediate effect. The similarity 
between halothane and isoflurane is not unex- 
pected [8]. Although both cyclopropane and 
nitrous oxide have a sympathetic stimulating 
effect [4~7] the lesser depression by cyclopropane 
compared with halothane and isoflurane supports 
the conclusion that a sympathetic stimulating 
effect may be relevant to this difference from 
nitrous oxide. The results do not, however, 
explain why equi-sub-MAC concentrations of the 
different inhalation agents have such different 
_ effects. 

The result of this study, together with those of 
Gao, Marshall and Vickers [3] indicate that equi- 


Computed Estimated brain 
brain: alveolar tension 
tension (% MAC) 
0.88 4.145 
0.96 8.503 
0.90 4.773 
0.89 8.275 


sub-MAC concentrations of halothane and iso- 
flurane have comparable and marked effects, 
nitrous oxide has no detectable effect and cyclo- 
propane has an intermediate effect on PSV. This 
is further confirmation that it is too simplistic to 
think that equi-MAC concentrations of inhalation 
agents have equivalent actions throughout the 
CNS. 
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ATTENUATION OF THE PRESSOR RESPONSE TO 
TRACHEAL INTUBATION BY MAGNESIUM SULPHATE 
WITH AND WITHOUT ALFENTANIL IN HYPERTENSIVE 
PROTEINURIC PATIENTS UNDERGOING CAESAREAN 


SECTION 


W. B. ASHTON, M. F. M. JAMES, P. JANICKI AND P. C. UYS 


SUMMARY 


The pressor response to tracheal intubation is 
known to be exaggerated in patients with 
gestational proteinuric hypertension (GPH). We 
have studied the effect of pretreatment with 
magnesium sulphate 40 mg kg? or 30 mg kg 
with alfentanil 7.5 ug kg’ on this pressor re- 
sponse in 38 patients with moderate to severe 
GPH. The magnesium-alfentani! combination 
produced better control of arterial pressure and 
heart rate than magnesium alone, although both 
techniques provided good cardiovascular con- 
trol. There was no significant difference in fetal 
outcome between’ groups. Both pretreatment 
methods produced satisfactory control of 
catecholamine release. 


KEY WORDS 


Anaesthesia; obstetric. Complications: gestational hyper- 
tension. Intubation, tracheal: alfentanil, pressor response, 
magnesium sulphate. 


There is a marked pressor response to tracheal 
intubation in the hypertensive pregnant patient, 
with increases in systemic and pulmonary arterial 
pressures and pulmonary capillary wedge pressure 
[1,2]. There is also an associated increase in 
intracranial pressure and in the risks of cerebral 
haemorrhage and cardiac failure with pulmonary 
oedema; as a result, morbidity and mortality in 
both mother and child are increased [3]. There 
have been several attempts to attenuate these 
haemodynamic responses using high- and low- 
dose opioids, adrenoceptor blockers, vasodilators, 
and topical and i.v. anaesthetics. None of these 


techniques appears to be entirely satisfactory for 
patients with gestational proteinuric hypertension 
(GPH) [4]. Alfentanil appears to be the most 
promising of the opioids, with its rapid onset and 
short duration of action (5], and has been shown, 
at a dose of 10 ug kg, to obtund the pressor 
response whilst producing minimal fetal de- 
pression in normal pregnancies [6]. Caution is 
advocated regarding possible detrimental effects 
on the fetus [7] and the mother [8]. 

Magnesium sulphate (MgSO,) has been shown 
not only to inhibit catecholamine release [9] but 
also to control the pressor response to tracheal 
intubation [10]. Its role in the management of 
GPH has been established for some time [11], and 
it has been shown to antagonize the action of 
several vasoconstrictor substances in pregnant 
ewes [12]. We have shown previously [13] that 
both alfentanil 10 pg kg™ and MgSO, 40 mg kg? 
produced adequate control of arterial pressure at 
tracheal intubation in GPH, but there were 
disadvantages with both agents. In the alfentanil- 
treated group, marked neonatal depression oc- 
curred and 25% of patients had failure of 
adequate control of arterial pressure (defined as a 
systolic arterial pressure > 180 mg Hg sustained 
for 2 min or more after intubation). Good control 
of arterial pressure was achieved in all but two 
patients in the MgSO, group, but with significant 
tachycardia. As the two drugs act via different 
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mechanisms, it is possible that a combination of 
both drugs in reduced doses may produce the 
benefits of both, with fewer side effects. As 
MgSO, had proved the best of the agents tested 
previously, we have compared the effects of 
MgSO, with a combination of MgSO, and 
alfentanil on the cardiovascular responses to 
tracheal intubation in patients with severe GPH 
requiring Caesarean section under general 
anaesthesia. As both magnesium [10] and alfen- 
tanil [14] have been shown independently to 
inhibit the release of catecholamines at the time of 
tracheal intubation, it was considered that the 
combination could prove effective, not only in 
reducing the hypertensive response to intubation, 
but also in inhibiting release of catecholamines. 
The dose of the two agents was chosen after a 
preliminary investigation in non-pregnant sub- 
jects showed that magnesium 30 mg kg with 
alfentanil 5 pg kg} was not significantly better 
than alfentanil alone. 


PATIENTS AND METHODS 


The study was approved by the Human Ethics 
Committee of the University of Cape Town, and 
written informed consent was obtained from all 
participants. Entry and exclusion criteria for the 
study were identical to those used for our previous 
investigation, as were pre-anaesthetic manage- 
ment regimens [13]. Patients were allocated 
randomly to one of two groups: group 1 received 
MgSO, 40 mg kg! and group 2 received MgSO, 
30 mg kg"! + alfentanil 7.5 ug kg". 

On arrival of the patient in the operating theatre 
suite, an indwelling cannula was inserted under 
local anaesthetic into a vein in the antecubital 
fossa for blood sampling, on the arm opposite to 
that in which the i.v. drip was sited. At this stage, 
blood was taken for baseline estimations. This 
sample was analysed for serum urea and electro- 
lytes, calctum, magnesium and catecholamine 
concentrations. All subsequent maternal samples 
were analysed for magnesium, alfentanil and 
catecholamine concentrations. Catecholamine 
concentrations were measured by electrochemical 
detection after separation with reverse phase 
HPLC using dihydrobenzylamine as internal 
standard [15]. The coefficient of variation was 
7.9% for noradrenaline and 8.7 % for adrenaline, 
and the limit of sensitivity was 10 pg ml. 
Alfentanil concentrations were measured by 
gas chromatography. Continuous, non-invasive 
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arterial pressure monitoring and anaesthetic tech- 
niques were similar to those described previously 
{13}. 

A second blood sample was obtained 1 min 
after completion of laryngoscopy and intubation, 
taken as the time when the cuff of the tracheal 
tube was inflated. Anaesthesia was maintained for 
5 min before the start of surgery with 50 % nitrous 
oxide and 0.5% halothane in oxygen with ven- 
tilation adjusted to ensure normocapnia, during 
which time arterial pressure was measured con- 
tinuously. Neuromuscular block was maintained 
with an infusion of suxamethonium 4-8 mg min™ 
and neuromuscular function monitored using a 
nerve stimulator. 

At the end of the 5min monitoring period, 
during which time the patient had been cleaned 
and draped, another venous blood sample was 
obtained. Surgery then commenced and the times 
from skin incision to delivery, and uterine incision 
to delivery were noted. After delivery of the 
infant, when the rectus muscle was being sutured, 
the suxamethonium infusion was discontinued 
and at the onset of spontaneous breathing, another 
sample of maternal blood was obtained. 

Cardiovascular responses to surgery were 
noted. At delivery of the infant, cord blood was 
sampled for serum concentrations of magnesium 
and alfentanil where appropriate, and for fetal 
acid—base status. After delivery, neonates were 
scored on the Apgar system at 1 and 5 min, by a 
paediatrician who was blinded to the study drug 
given. The paediatrician also recorded what 
resuscitative measures had been necessary, in- 
cluding the use of naloxone and the response to 
this drug. 

Statistical analysis was performed using Stat- 
graphics (Version 4.0) statistical package running 
under MS-DOS (version 3.3) on an IBM- 
compatible AT personal computer. Between- 
group comparisons were performed using 
Student’s t test, Wilcoxon rank sum and Fisher’s 
Exact tests where appropriate. The sample size 
was determined as the smallest necessary to detect 
a 15-mm Hg between-group difference within the 
anticipated systolic arterial pressure range with an 
estimated sp of 20 mm Hg for each group (a = 
0.05; 8 =0.1). Within-group comparisons were 
performed using analysis of variance for repeated 
measures with the use of 95 % confidence intervals 
to identify significantly different samples. All 
maternal data were grouped and analysed by 
regression analysis for association between the 
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TABLE I. Maternal characteristics and arterial pressure on admission (mean (SD)). Emerg. = Emergency 
procedure ; Elect. = elective procedure. No significant differences between groups 


Arterial pressure (mm Hg) 








Age Weight Gestational Emerg. Elect. 
Group (yr) (kg) age (weeks) No.)  (No.) Systolic Diastolic Mean 
l(n=19) 25.6 72.9 32.5 19 0 158.9 108.4 123.7 
(6.7) (15.3) (4.1) (21.1) (14.8) (17.6) 
2(n=19) 26.3 77.6 32.1 18 1 167.9 108.9 132.9 
(3.9) (22.7) (13.6) (21.7) 


(4.9) (13.9) 





TABLE II. Preoperative medication used tn the 12 h before surgery to control the symptomatology of GPH in the two groups, and 
steady state arterial pressures in the operating room (mean (SD)). No significant between-group differences 


Nil MgSO, Aldomet Nifedipine 
Group No.) No.) No.) No.) 
1(n=19) 3 ll 3 6 
2(n = 19) 4 9 6 5 








AP (mg Hg) 
B-Blocker Hydralazine 
(No.) No.) Systolic Diastolic Mean 
0 5 181.6 110.5 142.2 
(19.8) (12.5) (18.0) 
2 4 174.1 105.2 133.0 
(24.9) (9.9) (17.5) 


TABLE III. Magnesium and catecholamine concentrations at various times (mean (SD)). No significant 
differences between groups 


After Before After 
Baseline intubation incision delivery 
Group 1 2 1 2 1 2 1 2 

Magnesium 1.39 1.31 2.41 2.19 1.92 1.64 

(mmol litre!) (0.43) (0.36) (0.80) (0.50) (0.56) (0.35) 
Noradrenaline 802 TTT 636 464 570 567 715 728 

(pg ml~*) (646) (475) (434) (389) (473) (300) (495) (412) 
Adrenaline 263 155 261 176 187 192 423 375 

(pg mi~?) (243) (170) (291) (210) (278) (207) (385) (347) 


severity of cardiovascular responses and maternal 
age, parity and initial diastolic pressure. The null 
hypothesis was rejected at P < 0.05. 


RESULTS 


Subjects in both groups were well matched in 
respect of age, weight, gestational age and cardio- 
vascular variables (table I) and there were no 
significant differences in routine biochemical 
variables between the groups. 

After arterial pressure had been stabilized in 
the operating theatre, the cardiovascular data of 
the two groups were not significantly different 
(table II) and the use of antihypertensive medi- 
cations within 12 h of surgery was basically similar 
in both groups. 





Only one patient suffered a convulsion before 
admission to the study and she was allocated to 
group 2. Of the 20 patients who had received 
MgSO, before entry to the study, one patient had 
a serum concentration of magnesium within the 
normal range (0.75-1.0 mmol litre+), and only 
one had a value generally regarded as therapeutic 
(> 2 mmol litre~!). In the remainder, the serum 
concentrations of magnesium varied between 1 
and 2 mmol litre! (table III). There was no 
statistically or clinically significant difference 
between the values in the two groups, despite the 
different bolus doses of MgSO,. The greatest 
serum concentration of magnesium recorded after 
administration of MgSO, was 3.65 mmol litre? 
and after delivery the greatest value recorded was 
2.35 mmol litre?. The mean serum concentration 
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Fic. 1. Mean (sp) systolic arterial pressures (SAP) in the magnesium (W) and magnesium plus alfentanil 
(#8) groups. Times refer to time from induction and administration of the study drug. OR = Stable 


value with the patient settled in theatre; BL = 


value before laryngoscopy, after induction and 


administration of study drug; PL = peak values during or after laryngoscopy and intubation. 
*Statistically significant differences between groups (P < 0.05). Systolic pressure was significantly 
different from baseline in both groups at all shown times after induction. 


of magnesium at the end of the procedure was less 
than that associated with neuromuscular impair- 
ment (table III), and no difficulties were ex- 
perienced in re-establishing neuromuscular func- 
tion at the end of the procedure. 

Systolic, diastolic and mean arterial pressures 
decreased significantly after induction in both 
groups, and there was no significant difference in 
the magnitude of the change in the two groups. 
There was no statistically significant mean in- 
crease in arterial pressure at tracheal intubation, 
but there was significantly better control of 
systolic arterial pressure (SAP) in group 2 mothers 
at laryngoscopy and at 3 and 4 min afterwards (fig. 
1). Systolic arterial pressure remained less than 
baseline from induction until the onset of surgery 
in both groups. Similar trends occurred in mean 
and diastolic arterial pressures, with significant 
between-group differences at the same times as 
for systolic pressure changes. There were no 
serious hypotensive episodes; the least mean 
arterial pressure was 70mm Hg, in a group 2 
subject at 2 min after intubation. Arterial pressure 
control was also analysed using our previous 
criteria [13] for inadequate control, defined 
as an increase in systolic arterial pressure to 
> 180 mm Hg for 2 min or more. Satisfactory 
arterial pressure control was achieved in both 
groups, with only one mother in group 2 com- 
pared with three in group 1 showing inadequate 


control (ns between groups). Only one patient (in 
group 1) showed an increase in systolic pressure to 
a value greater than her initial pressure before 
induction. There was no correlation between the 
severity of the hypertensive response to tracheal 
intubation and patient age, parity or initial 
diastolic arterial pressure. 

Heart rates increased significantly after in- 
duction in both groups, but absolute values and 
the magnitude of the increase with induction were 
significantly less in group 2 (fig. 2). Heart rate 
remained greater than before induction until 
4 min after tracheal intubation in group 1, but in 
group 2 heart rate was significantly different from 
baseline only immediately after intubation. Heart 
rate did not increase further in either group 
during or after laryngoscopy, but heart rate was 
significantly less in group 2 than in group 1 
immediately after laryngoscopy had been com- 
pleted. Consequently, the rate—pressure products 
were significantly smaller in group 2 during this 
period. There were no arrhythmias in either 
group. Three difficult intubations were en- 
countered, with laryngoscopy to intubation times 
of 25 s or greater. These were all in group 2 and 
not associated with remarkable changes in arterial 
pressure. 

The mean baseline serum concentrations of 
catecholamines were increased in both groups 
(table III), although there was considerable 
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Fic. 2. Mean (sp) heart rates (HR) in the magnesium (W) and magnesium plus alfentanil (IN) groups 
at the times described in figure 1. * Statistically significant differences between groups (P < 0.05); 
+ group 1 significantly different from baseline; f group 2 significantly different from baseline. 


TABLE IV. Neonatal data (mean (SD) or t median (range)). Tube? = Number of neonates requiring 
tracheal intubation. No statistically significant differences between groups 


Apgar scoret 
Birth wt Fetal Meg** c Tube? 
Group (g) pH (mmol litre?) 1 min 5 min No.) 
1 (n = 19) 1632 7.21 2.0 6 9 4 
(759.7) (0.1) (0.8) (1-9) (4-10) 
2(n = 19) 1567.5 7.23 1.5 6 8 7 
(678.6) (0.1) (0.4) (1-9) (1-10) 


variability in the data. Thirteen patients in group 
1 and 15 in group 2 had serum concentrations of 
catecholamines greater than the normal range for 
our laboratory (adrenaline 10-80 pg ml, nor- 
adrenaline 200—400 pg ml“) before induction of 
anaesthesia. However, there were no significant 
differences in absolute values, or in the changes in 
adrenaline or noradrenaline concentrations be- 
tween groups 1 and 2 at any time. It is of 
particular interest that there was no overall 
increase in the concentration of each catechol- 
amine at tracheal intubation. There was also no 
correlation between arterial pressure changes and 
changes in serum concentrations of catechol- 
amines. However, four patients in each group 
showed increases in their serum concentrations of 
noradrenaline after tracheal intubation, and these 
included the worst controlled patients in each 
group. Both groups showed similar increases in 
serum concentrations of catecholamines towards 
the end of the procedure when the plasma 


concentrations of both magnesium and alfentanil 
were declining, and tracheal extubation was 
associated with significant increases in arterial 
pressure and heart rate. 

Maternal mean serum concentrations of 
alfentanil in group 2 mothers 1 min after tracheal 
intubation and after delivery were 62.8 (sD 
20.6) ng ml“! and 14.6 (5.4) ng ml}, respectively, 
and the concentration in the mixed cord blood of 
their infants was 8.3 (4.9) ng ml“. There was no 
correlation between initial maternal alfentanil 
concentrations and umbilical concentrations, 
although there was a weak correlation (r = 0.41) 
between post-delivery maternal concentrations 
and those in the umbilical artery. There was no 
significant difference between groups in the use 
of, or response to, naloxone in the neonates. 

The values of the various neonatal variables 
recorded are shown in table IV. There was no 
statistically significant difference between the 
groups in any of the variables. There was no 
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correlation between any of the alfentanil or 
magnesium measurements and any measurement 
of neonatal well-being. 


DISCUSSION 


In our previous study [13], we concluded that 
MgSO, was superior to either lignocaine or 
alfentanil for attenuation of the pressor response 
to tracheal intubation. In this study, we have 
confirmed that MgSO, was highly satisfactory for 
this purpose, but it appeared that the combination 
of MgSO, and alfentanil, both in reduced doses, 
was superior to the use of each agent alone, in 
terms of both maternal arterial pressure control 
and changes in heart rate. This combination did 
not appear to have any significant disadvantage 
for these compromised fetuses. There was no 
evidence that the reduction in arterial pressure 
compromised the fetus, and it has been shown that 
magnesium-induced hypotension does not reduce 
uterine blood flow [16]. 

These results show better cardiovascular con- 
trol than those reported by Rout and Rocke [17] 
using either fentanyl or alfentanil in combination 
with droperidol and lignocaine. They found 
significant increases in both systolic and diastolic 
pressures and heart rate after tracheal intubation. 
However, they chose a more severely ill group of 
patients in that all their subjects were older 
than 25 yr, and all had diastolic arterial pressures 
> 110 mm Hg whereas, in our study, 13 of the 
patients were younger than 25 yr and nine had 
diastolic pressures between 90 and 110 mm Hg. 
We were unable to find any evidence that patient 
age, resting diastolic arterial pressure or parity 
had any influence on the severity of the response, 
in contradistinction to other reports [2, 3, 17]. 

Dann, Hutchinson and Cartwright [7] reported 
the absence of neonatal effects of maternally 
administered alfentanil, and hypothesized that the 
effect of alfentanil on the neonate would be 
minimal because of its short half-life. This study 
has confirmed that, in the hypertensive, protein- 
uric, pregnant patient, rapid elimination of 
alfentanil occurred, and that very low fetal 
concentrations of alfentanil may be anticipated. 
We did not measure free alfentanil concentrations, 
but it seems likely that these premature neonates 
had less plasma protein binding of alfentanil than 
normal neonates, who also have a smaller per- 
centage of alfentanil binding than adults [8]. For 
any given concentration of alfentanil, a greater 
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effect may therefore be anticipated in the prema- 
ture neonate. Redfern and colleagues [8] reported 
severe depression in a neonate with a total plasma 
concentration of alfentanil 22.4 ng ml which 
was considerably greater than the concentrations 
observed in our neonates. The smaller concen- 
trations measured in the neonates in our study 
presumably account for the apparent lack of 
alfentanil-induced depression. However, the 
margin of safety appears to be rather small, and 
this may explain the significant depression which 
we observed in our previous study with only a 
slightly greater dose of alfentanil (10 ug kg~4) [13]. 
It is interesting that there were no inter-group 
differences in catecholamine concentrations. 
There was no mean increase in catecholamine 
concentrations in either group, which contrasts 
with reports of 21 % [18] and 28% [19] increases 
in noradrenaline in normal patients and a 33% 
increase in GPH patients [19]. The lesser arterial 
pressures and heart rates in group 2 were clearly 
not attributable to differences in release of 
catecholamines. This is not entirely surprising, as 
the concentrations of circulating noradrenaline 
required to exert measurable haemodynamic 
effects are in the range 1500-2000 pg ml“ [20], 
values which were observed in only one patient in 
this study. Presumably, therefore, the small 
increases in arterial pressure occurring after 
intubation in both groups were the result of 
sympathetic nerve stimulation. Mean plasma con- 
centrations of adrenaline were unchanged in both 
groups after tracheal intubation, and the lower 
heart rate seen in group 2 was presumably caused 
by the direct effect of alfentanil on heart rate. 
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EFFECT OF SUBLINGUAL BUPRENORPHINE ON GASTRIC 
EMPTYING OF A LIQUID MEAL 


T. N. TROTTER, D. J. ROWBOTHAM, I. WINDRAM 


AND M. C. MUSHAMBI 


SUMMARY 


The effect of buprenorphine 0.2 mg sublingually 
on gastric emptying of a liquid meal in 10 
volunteers was compared with placebo. Gastric 
emptying was measured by applied potential 
tomography and was delayed significantly by 
buprenorphine (P < 0.007). 


KEY WORDS 
Analgesics; buprenorphine. Gastrointestinal tract: gastric 
emptying. 


Pulmonary aspiration of gastric contents is an 
important cause of anaesthetic morbidity and 
mortality [1,2]. Delay in gastric emptying may 
increase the risk of regurgitation and also delay 
absorption of drugs administered orally. 

Buprenorphine is a partial opioid agonist used 
in the treatment of acute and chronic pain [3, 4]. 
Delayed absorption of oral paracetamol, assoc- 
iated presumably with delayed gastric emptying, 
has been demonstrated in volunteers after i.v. 
administration of buprenorphine 4 pg kg? [5]. 
However, buprenorphine is usually administered 
sublingually and not as an i.v. bolus. Gastric 
emptying after sublingual administration of 
buprenorphine has not been measured. 

Applied potential tomography (APT) can be 
used to measure directly the rate of emptying of 
solid and liquid meals from the stomach and 
correlates well with scintigraphic techniques [6]. 
We have used APT to measure the effect of 
sublingual administration of buprenorphine 
0.2 mg on gastric emptying of a liquid meal. 


PATIENTS AND METHODS 
Applied potential tomography 


Applied potential tomography generates tomo- 
graphic images of the resistivity of gastric contents 


using electrodes placed around the epigastrium. 
After ingestion of a test meal, changes in resistivity 
are measured and a profile of gastric emptying is 
generated. Sixteen electrodes are placed around 
the abdomen at the level of the eighth costal 
cartilage; this level corresponds with the gastric 
fundus or body [6]. An alternating current (1 mA, 
50 kHz) is passed between two adjacent electrodes 
and the potential differences between the re- 
maining pairs are measured. During the measure- 
ment cycle, each pair of electrodes acts in sequence 
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as drive electrodes and a total of 208 measure- 
ments are made in 100 ms. One hundred and fifty 
cycles are added together in order to form one 
data set, enabling the effect of respiratory move- 
ments to be averaged out. Measurements are 
made before, and at 1-min intervals after, the test 
meal. 

Data are stored on disc by a Nimbus RM 
computer and back projected against the initial 
preprandial data. A cross-sectional image of the 
change in resistivity is produced which incor- 
porates changes in resistivity 4cm above and 
below the plane of the electrodes. The area on the 
image representing the stomach is visible clearly 
and changes in resistivity with time within this 
area are calculated. 

Gastric secretion of hydrogen ions after in- 
gestion of a test meal may affect resistivity 
measurements significantly. Therefore, it is nec- 
essary to administer a histamine type-2-receptor 
antagonist before measurement of gastric emp- 
tying with APT. Cimetidine does not affect the 
rate of gastric emptying [7, 8] and was used in this 
study. 


Study design 

After obtaining written informed consent, we 
investigated 10 healthy non-smoking volunteers 
in a double-blind, placebo-controlled study which 
was approved by the local Ethics Committee. 
Each subject was studied on two occasions at least 
2 days apart. 

After an overnight fast, cimetidine 800 mg was 
administered orally, followed by buprenorphine 
0.2 mg or placebo sublingually 1.5 h later. After a 
further 2h, subjects adopted a semisupine pos- 
ition at 45°. A liquid meal of beef consommé soup 
500 ml (Campbell’s) was given and gastric empty- 
ing measured. Data were collected for 40 min 
and the percentage of total resistivity remaining at 
the end of the study period and the decrease in 
resistivity with time within the stomach were 
recorded. 

Data were analysed using paired Student’s 
t test and MANOVA for repeated measures 
after testing the data for normality with the 
Kolmogorov—Smirnoff goodness of fit test. 


RESULTS 


All 10 volunteers (five male) completed the study. 
Mean age was 30.3 yr (range 26-35 yr) and mean 
weight 62.9 (sp 7.0) kg. 
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TABLE I. Resistivity (%) remaining after 40 min. 


*x* P < 0.001 
Subject Placebo Buprenorphine 
No. (%) (%) 
1 54 75 
2 14 56 
3 15 36 
4 48 85 
5 50 43 
6 T7 100 
7 66 92 
8 50 93 
9 61 91 
10 55 100 
Mean 49.0 kk 77.1 
SEM 6.4 7.5 


Figure 1 shows the mean (SEM) percentage of 
resistivity that remained over time after placebo 
compared with buprenorphine, and the percent- 
age resistivity remaining after 40 min in each 
volunteer is shown in table I. Mean (SEM) values 
were significantly less after placebo (49 (6.4)%) 
compared with buprenorphine (77 (7.5)%) (P < 
0.001). 

Nausea occurred in three subjects after bup- 
renorphine but no subject vomited during the 
study period. 


DISCUSSION 


The recommended initial dose of buprenorphine 
for sublingual administration is 0.2-0.4 mg [9]. 
We have examined the effect of buprenorphine 
0.2mg sublingually on gastric emptying of a 
liquid meal in healthy volunteers. In five volun- 
teers, there was almost complete cessation of 
gastric emptying during the study period (less 
than 10% emptying); moderate delay occurred in 
four subjects and gastric emptying was unchanged 
in one volunteer. 

The effects of buprenorphine on gastric empty- 
ing have been investigated previously in only 
one study [5]. I.v. buprenorphine 4 ug kg™ caused 
delay in absorption of paracetamol in seven of 
eight volunteers. The remaining volunteer was 
excluded because of vomiting during the study. 
The results of the present study are consistent 
with these findings, despite the fact that con- 
siderably greater peak plasma concentrations of 
buprenorphine are achieved after i.v. adminis- 
tration compared with the sublingual route [10]. 

Time to peak concentration after sublingual 
administration of buprenorphine varies from 
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30 min to more than 3 h (mean 150 min) [10]. In 
the present study, data collection commenced 2 h 
after buprenorphine administration and it is likely 
that peak concentrations were not achieved in 
some subjects during this period. Therefore, the 
effect of buprenorphine on gastric emptying may 
have been underestimated in the present study. 
Pharmacokinetic interaction between cimetidine 
and buprenorphine may have occurred in this 
single-dose study, but this is unlikely. Buprenor- 
phine is excreted mainly unchanged in the faeces 
[11] and we have been unable to find any reported 
interactions. 


In conclusion, acute administration of bupren- 
orphine 0.2mg sublingually is likely to cause 
marked delay in gastric emptying in most patients. 
This may influence the absorption of orally 
administered drugs and increase the risk of 
regurgitation. 
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GENERAL ANAESTHETICS INDUCE ONLY HISTAMINE 
RELEASE SELECTIVELY FROM HUMAN MAST CELLS 


C. STELLATO, V. CASOLARO, A. CICCARELLI, P. MASTRONARDI, 


B. MAZZARELLA AND G. MARONE 


SUMMARY 


We have examined the in vitro effects of 
increasing concentrations of propofol (5-70 ug 
mt'), ketamine (10-10 mol litre!) and 
thiopentone (10-8 x 10-4 mol litre) on the 
release of preformed histamine and də novo 
synthesized mediators (peptide leukotriene C, 
(LTC) or prostaglandin D; (PGD3)) from human 
basophils and mast cells isolated from lung 
parenchyma and skin tissue and from heart 
fragments. Propofol, ketamine and thiopentone 
failed to induce the release of histamine and de 
novo synthesis of LTC, from basophils. Propofol 
induced histamine release from lung (mean 8.6 
(SEM 1.6) %) and skin mast cells (3.8 (1.5) %), 
but not from heart mast cells. Ketamine caused 
release of histamine from lung (6.2 (0.9) %) 
and skin mast cells (2.5 (1.5) %). Thiopentone 
caused a small amount of histamine release from 
lung mast cells (3.1 (1.2) %). Propofol, ketamine 
and thiopentone did not induce de novo syn- 
thesis of PGD, and LTC, from lung and skin mast 
cells. These results demonstrate that general 
anaesthetics induce only histamine release selec- 
tively from human mast cells. 


KEY WORDS 


Anaesthetics, intravenous: propofol, ketamine, thiopentone. 
Allergy: anaphylaxis, histamine. 


The number of anaphylactoid reactions reported 
during general anaesthesia is increasing [1]. The 
estimated incidence of anaphylactic/anaphyl- 
actoid reactions during general anaesthesia is 
approximately 0.6% (0.05% fatal) [2,3]. Al- 
though neuromuscular blockers are the drugs 
implicated most frequently in these reactions [4], 
general anaesthetic drugs also may induce 
anaphylactoid reactions [5-9]. 


The mechanisms of adverse reactions to general 
anaesthetics are complex [10]. However, whatever 
the mechanism(s), the resulting clinical manifest- 
ations are attributed commonly to histamine 
release by human mast cells and basophils 
[6, 7, 11]. This is supported by the findings that 
general anaesthetics cause histamine release in 
vitro [12] and in vivo [6, 7] and that administration 
of histamine reproduces most of the metabolic 
and haemodynamic effects observed during 
anaphylactic/anaphylactoid reactions [13-15]. 

An early commercial preparation of propofol 
was found to produce a high incidence of adverse 
reactions [16], presumably as a result of the 
histamine releasing capacity of the solubilizing 
agent, Cremophor EL [7,17]. Propofol was 
therefore re-formulated, solubilized in a soya 
bean oil emulsion. However, the in vivo ad- 
ministration of propofol may produce skin flushing 
and a transient increase in plasma concentrations of 
histamine [17]. Despite these in vivo observations, 
the capacity of propofol to induce im vitro the 
release of histamine from human basophils and 
mast cells isolated from different anatomical sites 
has never been studied. 

Techniques are now available to isolate large 
numbers of mast cells from human lung 
parenchyma [18], skin tissue [19] and human 
heart fragments [20]. These techniques have led 
to the demonstration that human basophils and 
mast cells isolated from different anatomical sites 
vary markedly as to their morphological, bio- 
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chemical and functional responses [18, 21-23]. 
Heterogeneity among these cells has been 
demonstrated with respect to the releasing activity 
of various stimuli and the release of different 
preformed histamine and de novo synthesized 
mediators (peptide leukotriene C, (LTC,) and 
prostaglandin D, (PGD,)) [19, 24]. 

Preliminary evidence suggests that human 
basophils and mast cells may also vary in their 
histamine releasing capacity when challenged with 
general anaesthetics. For example, thiopentone 
activates skin mast cells [12] but not human 
basophils. It should be emphasized that previous 
studies have focused on the histamine releasing 
capacity of anaesthetic drugs, but have not 
evaluated their possible effects on the de novo 
synthesis of chemical mediators. 

We have investigated the ability of three i.v. 
general anaesthetic agents used commonly in 
clinical practice (propofol, ketamine and thio- 
pentone) to induce the release of preformed and de 
novo synthesized mediators from human basophils 
and mast cells isolated from skin tissues, lung 
parenchyma and heart fragments. 


MATERIALS AND METHODS 


Reagents 


The following reagents were used: Dextran 70 
(Pharmacia Fine Chemicals, Uppsala, Sweden); 
piperazine - N, N’ - bis (2 - ethanesulfonic acid) 
(PIPES), elastase type I, hyaluronidase, chymo- 
papain, collagenase, synthetic LTC, and 
PGD, (Sigma Chemical Co., St Louis, MO); 
Hank’s balanced salt solution (HBSS), fetal calf 
serum (FCS) (Gibco, Grand Island, NY); 
A23187, DNAase, pronase (Calbiochem, La Jolla, 
CA); RPMI 1640 with Hepes buffer 25 mmol 
litre?, Eagle’s minimum essential medium 
(MEM) (Flow Laboratories, Irvine, Scotland); 
3H-LTC, (39.3 Ci mmol) and 4%H-PGD, 
(210 Ci mmol") (New England Nuclear, Boston, 
MA). The following i.v. anaesthetic agents were 
used: propofol (Imperial Chemical Industries 
PLC, Macclesfield, U.K.), ketamine (Parke- 
Davis S.p.A., Milan, Italy) and thiopentone 
(Abbott S.p.A., Latina, Italy). 


Histamine release from human basophils 


After informed consent was obtained from all 
subjects, approximately 50ml of blood was 
drawn into a final concentration of EDTA 
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0.008 mol litre“? and 1.1% Dextran 70 [25]. The 
procedure for the isolation of peripheral blood 
basophils and the im vitro mediator release have 
been described in detail elsewhere [24, 25]. The 
cell-free supernatant was assayed for histamine 
with an automated fluorimetric technique [26]. 
The net percentage release was calculated by 
subtracting the histamine released spontaneously 
from the unstimulated aliquots (mean 2.8 (SEM 
0.8) %) from the total histamine released from cell 
aliquots lysed with 2% perchloric acid [24]. The 
difference between replicate histamine measure- 
ments was less than 10%. 


Purification of human skin mast cells 


Skin was obtained from either mastectomies for 
breast cancer or elective cosmetic surgery pro- 
cedures. General anaesthesia in these patients was 
performed using the following drugs: thiopen- 
tone, pancuronium, atropine, fentanyl, enflurane 
or isoflurane. 

Tissue was placed immediately in Eagle’s MEM 
at 4°C and used within 1h. The skin was 
separated from the subcutaneous fat by blunt 
dissection and fragments were washed twice in 
calcium- and magnesium-free HBSS (CMF- 
HBSS) at 22 °C and incubated in a solution of 
CMF-HBSS containing collagenase 20 mg/g wet 
weight of tissue, hyaluronidase 5 mg/g wet weight 
of tissue and DNAase 1000 u ml"? for 3 h at 37 °C 
under constant stirring [19, 27]. The isolated cells 
were separated from the partially digested tissue 
fragments by filtration through Nytex cloth 
(150-um pore size) and stored. The remaining 
tissue was digested a second time with a fresh 
batch of the enzymes for a further 2h at 37 °C. 
The cells were separated from the tissue fragments 
by filtration through Nytex cloth, washed twice, 
combined with the cells from the first digestion, 
and washed again in CMF-HBSS. Yields 
obtained with this technique were 1—8 x 10° mast 
cells/g wet weight of tissue, and purities varied 
between 1% and 4%. 


Purification of human lung mast cells 


Human lung tissue was obtained from patients 
undergoing thoracotomy and lung resection, 
mostly for lung cancer. General anaesthesia in 
these patients was performed using the following 
drugs: droperidol plus fentanyl and atropine 
(premedication); droperidol plus fentanyl, thio- 
pentone, suxamethonium and pancuronium (an- 
aesthesia). Lung parenchymal mast cells were 
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isolated as described previously [18]. Yields 
obtained with this technique were 3-8 x 10° mast 
cells/g wet weight of tissue, and purities varied 
between 1% and 8%. Mast cells and basophils 
were stained with Alcian blue and counted in a 
Spiers—Levy eosinophil counter [18, 28]. 


Histamine release from human skin and lung mast 
cells 


Aliquots of the cell suspension (0.4 ml) con- 
taining approximately 3 x 10‘ mast cells per tube 
were placed in Falcon 12x17 mm polyethylene 
tubes and warmed at 30°C (skin mast cells) or 
37 °C (lung mast cells); 0.2 ml of each releasing 
stimulus was added and incubation was continued 
at 30 °C (skin mast cells) or 37 °C (lung mast cells) 
for 30 min. Experiments with mast cells obtained 
from skin of adult donors were performed at 30 °C 
because adult skin mast cells release better at 
30°C than at 37°C [19]. The net percentage 
release was calculated by subtracting the hist- 
amine released spontaneously from the unstimu- 
lated aliquots of skin (6.2 (0.7) %) and lung mast 
cells (12.9 (1.6) %) from the total histamine release 
from cell aliquots lysed with 2% perchloric acid 
[18, 24]. 


Histamine release from human heart fragments 

Specimens of human right atrial appendages 
were obtained from patients undergoing cardiac 
surgery for valvular correction or substitution and 
aorto—coronary vein graft [20]. General anaes- 
thesia in these patients was performed using 
the ‘following drugs: thiopentone or diazepam, 
morphine or fentanyl, pancuronium, and 
nitrous oxide. None of the patients had taken 
dipyridamole, aspirin or any anti-inflammatory 
medication for at least 7 days before the operation. 
The procedure to evaluate the release of histamine 
from cardiac mast cells has been described in 
detail in previous publications [20, 23]. 


Radioimmunoassay of LTC , and PGD, 

LTC, and PGD, concentrations were measured 
by radioimmunoassay as described previously 
[24, 25, 29]. The rabbit anti-LTC, and anti- 
PGD, antisera have been characterized and their 
cross-reactivity for heterologous ligands de- 
scribed elsewhere [29, 30]. 


Statistical analysis 
‘Results were expressed as mean (SEM). Sta- 
tistical analysis was performed by two-way non- 


753 


parametric analysis of variance (Friedman test); 
multiple comparisons were performed by the 
extended Tukey test [31]. 


RESULTS 


We evaluated the effects of increasing concentra- 
tions (5-70 pg m1“) of propofol [32] on histamine 
release from basophils and mast cells isolated 
from lung parenchyma and skin tissue. Propofol, 
in concentrations which included those reached 
during general anaesthesia [32], failed to induce 
histamine release from basophils obtained from 
11 normal donors (fig. 1). We also determined the 
effects of propofol on the release of histamine 
from mast cells isolated from lung parenchyma 
obtained from nine donors. Propofol induced 
histamine release from lung mast cells in a 
concentration-dependent manner (P < 0.001). 
The maximum per cent histamine release caused 
by propofol varied between 3% and 18% (8.6 
(1.6)%) (P < 0.01 compared with spontaneous 
release). In three of nine skin mast cell prepar- 
ations, propofol induced the release of more than 
5% of the histamine content (P < 0.05). The 
greatest concentration of propofol used induced 
the release of 3.8 (1.5)% of skin mast cell 
histamine content (P < 0.05 compared with spon- 
taneous release). It is noteworthy that the 


Histamine release (%) 





100 


Propofol (ug mi71) 


Fic. 1, Effect of various concentrations of propofol on 

histamine release from human basophils (@), lung paren- 

chymal mast cells (HLMC) (O) and skin mast cells (HSMC) 

(A) (mean (SEM) obtained in 11 (basophils) and nine (HLMC 

and HSMC) experiments). * P < 0.05; ** P < 0.01 compared 
with spontaneous release. 
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Taste I. Effect of various concentrations of propofol 

(10-76 ug mi) on histamine release (ng/g wet weight of tissus) 

From human heart mast cells (mean of duplicate samples). 
= Measurement not made 


Histamine released (ng g`!) 





Propofol (ug mim?) 





Experiment Buffer . 10 35 70 
No. 
1 74.0 75.0 — 43.0 
2 33.5 36.7 — 37.2 
3 41.0 35.0 — 59.0 
4 24.0 30.0 — 46.0 
5 55.0 50.0 28.0 30.0 
6 26.0 29.0 17.0 
7 26.0 14. 0 26.0 33.0 


Mean (SEM) 39.8(7.0) 40.1(8.4) 27.6(0.8) 37.8 (5.0) 


histamine~releasing activity of propofol from lung 
and skin mast cells varied markedly among 
different donors. In seven experiments, increasing 
concentrations of propofol failed to induce the 
release of histamine from mast cells present in 
human heart (table I). 

In a second series of experiments, we com- 
pared the effects of increasing concentrations 
(10-107? mol litre!) of ketamine, including 
those reached im vivo [32], on histamine release 
from basophils and lung or skin mast cells. 


TaBe II. Effect of ketamine, anti-IgE and A23187 on the de 

novo synthesis of LTC, or PGD, from human basophils and 

lung (HLMC) and skin mast cells (HSMC). *Concentrations 

used: 0.3 pg ml-! in basophils, 1 ug mi~! in HLMC, 3 pg mi~ 

in HSMC. {Concentrations used: 0.2 ug ml-! in basophils, 
1 yg ml~! in HLMC and HSMC, — = Not detectable 


LTC, LTC, PGD, 


(ng/10® — (ng/10* (ng/10* 
basophils) HLMC) HSMC) 


Experiment 1 
Ketamine 
(mol litre1) 
3x10 — — — 
1078 aan ences —_— 
Anti-IgE* 
A23187+ 
Experiment 2 
Ketamine 
(mol litre“) 
3x 10-4 — — — 
1073 PERN. a pea 
Anti-IgE* 43.8 204.0 115.1 
A23187+ 244.9 341.0 589.0 
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10 


75 


5.0 


2.5 


Histamine release (%) 





Ketamine (mol litre’) 


Fig. 2. Effect of various concentrations of ketamine on 

histamine release from human basophils (@), lung paren- 

chymal mast cells CHLMC) (O) and skin mast cells CHSMC) 

(A) (mean (SEM) obtained in 14 (basophils), 12 (HILMC) and 

nine (HSMC) experiments). * P < 0.05; ** P < 0.01 compas 
with spontaneous release. 


Histamine release (%) 





Thiopentone (mol litre7?) 


Fig. 3. Effect of various concentrations of thiopentone .on 

histamine release from human basophils (@), lung 

parenchymal mast cells (HLMC) (O) and skin'mast cells 

(HSMC) (A) (mean (SEM) obtained in eight (basophils), 10 

(HILMC) and seven (HSMC) experiments). *P < 0.05 
compared with spontaneous release. 


Ketamine did not induce release of histamine 
from basophils obtained from 14 different donors 
(fig. 2). In contrast, ketamine induced histamine 
release from lung mast cells in a concentration- 
dependent manner (P < 0.001). In 12 experi- 
ments, Ketamine released a maximum of 6.2 
(0.9) % of lung mast cell histamine content (P < 


=a 
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6004 A 


450 


LTC, (ng/10 cells) 


KEE 


LTC, (ng/108 cells) 





PGD} (ng/108 calls) 





Antl-IgE 5 10 70 
Propofol (ug mi~?) 


FIG. 4. Effect of anti-Ig (0.3 ug ml“ in basophils, 1 pg mi“? 
in human lung mast cells (ILMC) and 3 pg ml“! in human 
skin mast cells (HSMOC)), propofol and A23187 (0.2 ug ml-} in 
basophils and 1 ug ml in HLMC and HSMC) on the release 
of LTC, from human basophils (A) and lung mast cells (8), and 
of PGD, from skin mast cells (C) (mean (SEM) obtained in three 
experiments). ***P<0.001 compared with spontaneous 
i release. 


0.01 compared with spontaneous release). The 
releasing activity of ketamine was variable and the 
per cent histamine release caused by ketamine 
10-3 mol litre"! varied between 0% and 12%. 
The releasing activity of ketamine on skin mast 
cells was less marked (P < 0.05), and only the 
greatest concentration of ketamine caused a 
significant histamine release (2.5 (1.5)%) (P < 
0.05 compared with spontaneous release). 

We next investigated the effects of various 
concentrations (1075-8 x 10-4 mol litre) of thio- 
pentone, including those reached in vivo [32], on 
histamine release from basophils and mast cells. 
These concentrations of thiopentone failed to 
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induce histamine release from both basophils and 
skin mast cells (fig. 3). Only the greatest con- 
centration (8x 10-74 mol litre!) of thiopentone 
caused significant release from lung mast cells (3.1 
(1.2)%) (P< 0.01 compared with spontaneous 
release). 

The activation of human basophils and lung but 
not skin mast cells leads to the de novo synthesis of 
LTC, through the 5-lipoxygenase pathway 
[24, 25] in addition to the secretion of preformed 
histamine. Both lung and skin mast cells, but not 
basophils, also synthesize PGD, through the 
cyclo-oxygenase pathway [19, 24]. We investi- 
gated the effects of various concentrations of 
propofol, ketamine and thiopentone on the de 
novo synthesis of mediators from basophils and 
mast cells. Ketamine failed to induce the synthesis 
of LTC, from basophils and lung mast cells and 
of PGD, from skin mast cells (table II). As a, 
control, anti-IgE and the Ca** ionophore A23187 
stimulated the synthesis of LTC, or PGD,. 
Similar results were obtained with thiopentone. 
Similarly, propofol did not induce the de novo 
synthesis of LTC, from basophils and lung mast 
cells or PGD, from skin mast cells (fig. 4). In the 
same experiments, anti-IgE and A23187 caused 
the de novo synthesis of these mediators. 


DISCUSSION 


Our results indicate that general anaesthetics 
induce histamine release selectively from mast 
cells and that mast cells isolated from different 
anatomical sites (lung parenchyma, skin tissue 
and heart fragments) can be useful to evaluate in 
vitro the histamine releasing capacity of general 
anaesthetics. 

Previous studies have demonstrated that skin 
mast cells are exquisitely sensitive to atracurium, 
tubocurarine [33] and morphine [23, 34]. Our 
results extend these observation by demonstrating 
the existence of different types of heterogeneity. 
First, histamine-containing cells (basophil granu- 
locytes and mast cells isolated from different 
anatomical sites) showed a remarkable degree of 
heterogeneity in response to the same type of 
general anaesthetic. In fact, we have demonstrated 
that peripheral blood basophils are essentially 
unresponsive to the wide spectrum of concentra- 
tions of general anaesthetics used in this study. 
Therefore, the in vitro model of basophil his- 
tamine release, which is potentially useful to 
detect patients who possess specific IgE against an 
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epitope present in neuromuscular blocking drugs 
[35], does not lend itself to the study of anaphyl- 
actoid reactions. There is also a remarkable degree 
of heterogeneity among mast cells obtained from 
different human tissues. For example, pharma- 
cological concentrations of propofol induced his- 
tamine release from lung mast cells, whereas they 
had a more modest or no effect on skin and heart 
mast cells, respectively. Finally, we found that the 
general anaesthetics used in this study possess a 
remarkable degree of heterogeneity in their re- 
leasing capacity among different donors. The 
latter observation might be clinically relevant 
because it is well known that anaphylactoid 
reactions occur only in a small proportion of 
patients undergoing general anaesthesia. There- 
fore, the heterogeneity of the response of human 
Fe,RI* cells—that is, the histamine-releasing 
capacity shown by different general anaesthetics 
and the degree of the response of mast cells 


obtained from different donors—might explain, at. 


least in part, the wide spectrum of the anaphyl- 
actoid reactions observed in different patients 
after administration of these drugs. 

In the present study, thiopentone induced a 
small amount of histamine release from skin mast 
cells. This is in apparent contrast to the findings 
reported by Hirshman and colleagues [12]. How- 
ever, they used greater concentrations of thio- 
pentone and their system to challenge skin mast 
cells differed from ours: they used fragments of 
infants foreskin, while we used mast cells 
enzymatically dispersed from skin obtained from 
adults, and there is evidence that the age of cell 
donors influences the release of human basophils 
[36] and of mast cells [19, 22]. 

Propofol [16, 17], Ketamine [9] and thiopentone 
{7, 37] may induce haemodynamic alterations in 
man, caused presumably by histamine release in 
vivo [6, 7]. Histamine administration reproduces 
most of the metabolic and haemodynamic effects 
observed during anaphylactic/anaphylactoid re- 
actions [13-15]. However, other mediators 
synthesized by human basophils and mast cells 
(LTC, and PGD,) might contribute to these 
effects [38]. We have demonstrated that the 
general anaesthetics used in this study did not 
induce the de novo synthesis of LTC, or PGD, 
from human basophils and mast cells. This novel 
observation might indicate that histamine H,- and 
H,-blockers could be sufficient to prevent the 
anaphylactoid reaction caused by these drugs, as 
shown previously for morphine [39, 40]. 
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The in vitro concentrations that we used include 
those usually found in the peripheral blood of 
patients undergoing general anaesthesia [32]. 
Therefore, the local concentrations of these drugs 
during or immediately after i.v. infusion might be 
relevant, considering also the variability in the 
releasing activity of cells from different donors 
and the variations of pharmacokinetics in different 
clinical conditions [32]. 


In conclusion, our results are the first sys- 
tematic evaluation of the histamine-releasing 
activity of three commonly used i.v. anaesthetic 
agents using three different in vitro systems. We 
have demonstrated that these agents induce only 
histamine release selectively from mast cells. 
These findings might, at least in part, explain one 
of the mechanisms of anaphylactoid reactions 
caused by these drugs in some patients undergoing 
general anaesthesia. The experimental models 
described here might be useful to extend the 
present knowledge of the property of several 
anaesthetics to release histamine from human 
basophils and mast cells. 
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FIRST PASS LUNG UPTAKE OF BUPIVACAINE: EFFECT OF 
ACIDOSIS IN AN INTACT RABBIT LUNG MODEL 


M. G. A. PALAZZO, E. A. KALSO, E. ARGIRAS, R. MADGWICK AND 


J. W. SEAR 


SUMMARY 


The first pass uptake, metabolism and recovery of 
bupivacaine were examined in an intact rabbit 
lung model using a multiple indicator technique 
with rapid sequential sampling. The rabbits were 
allocated to an acidotic group (pH 7.0-7.1) (n = 
8) and a control group (n = 10) with normal pH. 
Bupivacaine recovery rates were not significantly 
different: median 93.2% (range 48.9-116.5%) 
and 94.5% (54.9-123.1%) in control and acid- 
otic groups, respectively. Median peak percent- 
age fractional concentrations of bupivacaine 
were greater in the acidotic group: 6.22% 
(2.5-7.65%) vs 4.1% (2.5-6.7%) (P < 0.05). 
Median maximum instantaneous pulmonary per- 
centage extraction was less in the acidotic 
animals than in animals with normal pH: 81.2% 
(47.1-91.9%) vs 91.0% (82.6-94.5%) (P< 
0.01). Median normalized mean percentage 
transit time was less in the acidotic group 
(245.3% (163.4-465.3%)) than in the control 
group (423.9% (313.9-740.4%)) (P < 0.01). 
There was no evidence for bupivacaine metab- 
olism by the lung. The results suggest that 
acidosis reduced bupivacaine lung uptake and 
increased its rate of passage through the lung, 
but did not influence overall drug recovery rates. 
This has clinical implications for bupivacaine 
related cardiac and cerebral toxicity. 


KEY WORDS 
Anaesthetics, local: bupivacaine. Biotransformation: acid- 
osis, lung. 


Bupivacaine is an amide local anaesthetic agent 
which has been associated particularly with cardio- 
toxicity [1-4] which may occur after either 
inadvertent i.v. injection or sudden release of a 
tourniquet during i.v. regional anaesthesia. Blood 
concentrations of bupivacaine reaching the sys- 


temic circulation are buffered by the first pass 
effect of the lung [5]. Acidosis, which increases 
the ionized bupivacaine fraction, may reduce 
pulmonary uptake and therefore increase the 
potential for CNS and cardiac toxicity. The 
present studies were undertaken to examine the 
influence of acidaemia on the uptake of bupiv- 
acaine by an intact rabbit lung preparation. 

In this communication the following terms are 
used to define drug fluxes: uptake or extraction 
describes the quantity of drug passing into lung 
tissue. Uptake may be followed by accumulation 
and metabolism; simultaneously there may be back 
diffusion of drug from lung tissue or pulmonary 
vascular endothelial sites to pulmonary circu- 
lation. The nett loss of drug after a single passage 
through the lungs (the result of uptake, ac- 
cumulation, metabolism and back diffusion) is 
defined as drug removal. The percentage of drug 
recovered is the difference between drug removal 
and 100%. 


MATERIALS AND METHODS 


The first pass uptake and metabolism of bupiv- 
acaine by the lung was examined using a multiple 
indicator bolus technique in an intact rabbit lung 
model. Eighteen New Zealand White rabbits 
(weights 2-3.5 kg), fed freely on a diet of R.P.G. 
Œ. Dixons and Sons (Ware) Ltd, Herts) were 
anaesthetized with 4% halothane in oxygen. The 
trachea was intubated with a 3.5-mm Portex 
tracheal tube (via a tracheostomy) and the lungs 
ventilated with 1% halothane in oxygen. Blood- 
gas tensions were measured at 20-min intervals 
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and ventilation adjusted to maintain normocapnia. 
Temperature was maintained by placing the 
animals on a thermostatically controlled warming 
blanket and monitored with a rectal probe (Digitec 
5800 thermometer probe, United Systems Corp., 
Dayton, Ohio). A 16-gauge Abbocath cannula 
(Abbot Ireland Ltd) was placed in the left jugular 
vein and maintenance fluids infused as normal 
saline 5 ml kg`t h-t. The right jugular vein was 
cannulated with a 5-French gauge Berman angio- 
graphic balloon catheter (Critikon Inc., Tampa, 
U.S.A.) and passed into the right ventricle. Both 
carotid arteries were cannulated with 16-gauge 
catheters which were joined by a Y-piece, thus 
converging carotid flow. Airway pressure, carotid 
artery and right ventricular pressures were moni- 
tored (Gould TI50AD transducers, Bilthoven, 
Netherlands) and recorded continuously on a 
Lectromed M19 6 channel recorder. End-tidal 
carbon dioxide concentration (Gould Capnograph 
Mk III) and ECG were recorded. Animal prep- 
aration time was 45-60 min. 

The rabbits were allocated to two groups. Ten 
animals were treated as controls and the pH was 
kept in the normal range (pH 7.35-7.45). The 
other eight animals were made acidotic (pH 
7.0-7.1) by i.v. infusion of hydrochloric acid 
0.15 mol litre into the left jugular vein. After the 
animals had been at the appropriate pH for 
10 min, 20 ml of blood was taken for calibration of 
the injectate. The injectate (0.4 ml) contained: 
0.75% bupivacaine 0.1 ml (0.75 mg), 0.25% indo- 
cyanine green (ICG) 0.2 ml (0.5 mg), sterile water 
0.1 ml, and *H-bupivacaine 10 ul (labelled on the 
methyl groups of the xylidine moiety of molecule). 

Each rabbit received a 0.4-ml bolus of injectate 
into the right ventricular catheter, followed im- 
mediately by normal saline 2 ml injected over 2 s. 
Nine, 3-s samples were collected manually by a 
second operator from the continuous carotid 
artery catheter flow. The first sample was collected 
from time 0 (bolus given) for 3s and designated 
the “zero” sample. The total volume of blood 
collected during sampling varied between 18 and 
28 ml depending on flow rate through the carotid 
catheters. It was assumed that there was full 
mixing of the injectate with blood after passage 
through the right ventricle, lungs and left heart. 
Each blood sample (including the calibration 
samples) were divided so that three separate 
estimations could be made. Whole blood 0.1 ml 
was placed in a glass scintillation tube and 
prepared for hydrogen-3 beta counting; the 
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remainder of the sample was spun at 3500 g and 
the supernatant plasma used for measurement of 
bupivacaine by gas-liquid chromatography 
(GLC) [6] and ICG by spectrophotometry at 
805 nm (PU 8600 series UV/VIS, Pye Unicam, 
Cambridge, U.K.). GLC measurements of bupiv- 
acaine had a sensitivity of 0.01 mg litre", a 
within-batch coefficient of variation of 7.1% at 
1 mg litre"! and 1.4% at 12.5 mg litre“!; between- 
batch coefficient of variation was 3.9%. ICG 
measurements had a coefficient of variation of 
15% at Omg litre?, 1.5% at 10 mg litre? and 
0.8% at 20mglitre+. ICG, bupivacaine and 
hydrogen-3 concentrations were expressed as 
percentage fractional concentrations of the in- 
jectate. It was assumed that ICG remained in the 
vascular compartment and that this was un- 
affected by acidosis. 

Calculations for the pharmacokinetic para- 
meters were as follows: maximum instantaneous 
bupivacaine extraction was calculated as 100 
((concn ICG—concn Bup)/concn ICG) where 
concn denotes the fractional concentration of the 
injectate. 

The area under the curve (AUC) of the 
fractional concentration of injectate was calculated 
from time zero to infinity. The first moment 
(AUMC) was calculated as the area under the 
curve (from zero to infinity) for AUC against 
ume. 

Percentage recovery of bupivacaine was de- 
termined from 100(AUC bupivacaine/AUC 
ICG), whereas percentage bupivacaine removal 
was calculated as (AUC ICG —bupivacaine re- 
covery), where AUC ICG was assumed to be 100. 

The mean transit times (MTT) for ICG and 
bupivacaine were derived from the ratio of the 
first and zero moments, AUMC:AUC (s). The 
MTT for bupivacaine was expressed relative to 
that of ICG—normalized bupivacaine MTT (%) 
= 100 (MTT bupivacaine/MTT ICG). 

The volume of distribution (ml) was calculated 
from MTT (s)x Q/60, where Q is the cardiac 
output (ml min~) calculated from the ICG curve. 

The pulmonary extravascular volume of dis- 
tribution occupied by bupivacaine was calculated 
as the volume of distribution for bupivacaine 
volume minus ICG volume of distribution. 

Data were compared by Student’s unpaired t 
tests and Mann-Whitney U test as appropriate. 
Statistical significance was assumed if P < 0.05. 
Data are shown as median (range) unless indicated 
otherwise. 
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RESULTS 


Cardiac output in the two groups was determined 
from the ICG dye dilution curve of the multiple 
indicator bolus. There was no difference in mean 
cardiac output between the two groups (table I). 

The mean percentage fractional concentrations 
of ICG and *H-bupivacaine were plotted against 
time (fig. 1); peak concentrations of bupivacaine 
were both less and delayed compared with ICG. 

Recovery of *H-bupivacaine was determined by 
expressing the *H-bupivacaine AUC as a per- 
centage of AUC ICG. The area under the curves 
for *H-bupivacaine and ICG included AUC up to 


TABLE I. Cardiac output (CO) for each animal, and mean 
(SEM) for the group 





CO (ml min™) 
Rabbit 
No. Control Acidotic 

r 206.8 235.2 
2 247.3 350.0 
3 300.2 408.5 
4 347.2 338.0 
5 204.6 252.7 
6 238.4 247.9 
7 615.4 551.3 
8 316.4 143.7 

9 259.9 

10 314.2 
Mean 305.0 315.9 
SEM 37.7 44.3 


25, Control animals 
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the point of recirculation, plus the AUC of the 
concentration—time curves extended to infinity, 
calculated assuming a mono-exponential decay 
from a point before recirculation. Median re- 
covery of *H-bupivacaine after first pass was 
similar in both groups (table II). Median peak 
percentage fractional concentrations of bupiv- 
acaine (at 6 8) were greater in the acidotic animals 
(6.2% (2.5-7.6%)) than the controls (4.1% (2.5— 
6.7%)) (P < 0.05). The median maximum in- 
stantaneous percentage extractions (uptake) were 
less in the acidotic group (81.2% (47.1-91.9%)) 
than in the normal animals (91.0% (82.6~-94.5%)) 
(P < 0.01) (fig. 1). 

The recovery of *H-bupivacaine may have 
included *H-labelled bupivacaine metabolites. In 
order to distinguish bupivacaine from its meta- 
bolites, bupivacaine was measured also by GLC. 
A difference in AUC between GLC and hy- 
drogen-3 estimations of bupivacaine would sug- 
gest that some of the label originates from 
bupivacaine metabolites. Table II shows the ratios 
of GLC to *#H-AUC expressed as a percentage. 
The median percentages were 100.5 and 101.9 for 
the control and acidotic rabbits, respectively, 
suggesting that the measurements of bupivacaine 
were sufficiently similar to exclude significant 
metabolism during passage through the lung. 

MTT for the passage of ICG and *H-bupiv- 
acaine was calculated from the ratio AUMC: 
AUC, where AUMC is the first moment of the 
curve [7-9]. MTT was significantly greater for 


25 Acidotic animals 





0 . 10 20 30 
Time (s) 


Fic. 1. Changes (mean, SEM) in percentage fractional concentrations of bupivacaine (©) and indocyanine 
green (@) in the carotid artery with time after a multiple indicator bolus into the right ventricle of 
control animals with normal pH (left) and acidotic animals (pH 7.0-7.1) (right). 
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Taste II. Kinetics of *H-buptvacaine for each rabbit, and median values. GLC = Gastiguid chromatography; f = beta 
counting; MTT = mean transit time; Pulm. extravasc. VD = pulmonary extravascular volume of distribution. See text for details. 








*P < 0.05 compared with control 
Recovery AUC GLC:AUC 8 Normalized MTT Pulm. extravasc. VD 
(%) (%) (%) (ml) 
Control Acidotic Control Acidotic Control Acidotic Control Acidotic 
1 87.6 94.2 93.4 347.3 406.0 46.8 59.9 
2 95.6 84.6 95.0 129.9 461.2 465.3 72.9 54.2 
3 48.9 100.5 146.2 93.0 740.4 189.7 166.6 23.8 
4 74.7 78.8 109.2 114.4 491.6 163.4 108.8 18.6 
5 106.4 94.8 68.2 91.1 386.7 216.9 66.4 32.0 
6 90.3 102.4 79.5 103.5 313.9 316.6 36.5 48.3 
7 92.4 54,9 78.2 145.0 354.3 224.4 120.0 46.8 
8 103.5 123.1 106.0 100.3 330.3 266.3 68.0 37.8 
9 94.0 595.6 98.7 
10 116.5 135.6 717.0 151.8 
Median 93.2 94.5 100.5 101.9 423.9 245.3* 85.8 42,3* 


3}{-bupivacaine than ICG in both groups (P < 
0.01). When MTT for the passage of *H- 
bupivacaine through the lung was normalized for 
the cardiac output (ratio of MTT *H-bupivacaine 
to MTT ICG expressed as a percentage (table 
II)), the median normalized MTT% in the 
acidotic animals was found to be shorter than in 
the control group (P < 0.01). 

The pulmonary extravascular volume of dis- 
tribution for bupivacaine (calculated by sub- 
tracting the ICG volume of distribution from the 
8¥{-bupivacaine volume of distribution) was sig- 
nificantly greater in control animals than in the 
acidotic animals (P < 0.05) (table IT). 


DISCUSSION 


The ability of the lung to take up local anaesthetics 
has been described by several authors. In 1966 

erman demonstrated that lignocaine and prilo- 
caine were concentrated in the lungs of rats after 
i.p., i.m. or s.c. injections [10]. Tucker and Boas 
showed that the lung was able to buffer high 
systemic concentrations of lignocaine when the 
drug was given as an i.v. bolus [11]. There have 
been many reports of difficulties in the resusci- 
tation of patients and experimental animals after 
cardiac arrest caused by bupivacaine [1—4]. As 
local anaesthetics in high doses may cause cerebral 
and cardiac toxicity, the potential buffering ability 
of the lung and factors that may influence it are of 
interest to the anaesthetist. 

Studies on the lung uptake of bupivacaine are 
contradictory. Sjöstrand and Widman noted that 


concentrations of radiolabelled bupivacaine in 
anaesthetized rabbit lung were eight times greater 
than in blood [12]. Irestedt, Andreen and Belfrage 
examined bupivacaine uptake by the dog lung by 
measuring concentration differences between the 
pulmonary and femoral artery for 60 min after 
i.m. injection [13]. During the first 10 min, nine 
of their 10 dogs showed arterio—venous differences 
in bupivacaine concentration across the lungs, 
suggesting pulmonary uptake. However, when 
these concentration differences were measured at 
20, 30 and 60 min, they were so small that the 
authors concluded that the lung played little role 
in bupivacaine disposition. Rothstein, Cole and 
Pitt examined the relationship between dose of 
bupivacaine and bupivacaine extraction (uptake) 
with a multiple indicator technique in a rabbit 
model [5]. They showed that maximum instan- 
taneous bupivacaine uptake varied between 73 
and 85% and decreased as the dose increased. 
Previous work in an im situ isolated perfused 
rabbit lung model has shown that an initial large 
uptake is followed later by back diffusion of 
bupivacaine into the pulmonary circulation [14]. 

In the current study an intact model was used 
with a multiple indicator technique. One group of 
animals was made acidotic whereas the other 
group was maintained at a normal pH. Acidosis 
considerably shortened the mean transit time, 
increased peak bupivacaine concentrations and 
decreased the maximum instantaneous extraction 
fraction. However, acidosis did not alter the 
overall recovery rate for bupivacaine. Acidosis 
also reduced the extravascular pulmonary volume 
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of distribution of bupivacaine. The maximum 
instantaneous extraction of bupivacaine in this 
study compares well with previous work [5]. 

Local anaesthetic agents are secondary or 
tertiary basic amines with pK, values between 7.7 
and 9.5. A small change in pH for an agent with a 
pK, near the physiological range would be 
expected to have a significant effect on the 
ionized: unionized ratio. The ionized form (cat- 
ionic) is water soluble, whereas the base is lipid 
soluble [15]. Acidosis promotes the production of 
the cation and therefore would be predicted to 
reduce pulmonary uptake of drug. Bupivacaine is 
a tertiary basic amine with a pK, of 8.2. At 
physiological pH it is predominantly in the 
unionized form (84.6%); at pH 7.0 this increases 
to 93.7%. 

Sjöstrand and Widman [12] showed that, under 
conditions of metabolic acidosis (pH 7.24), the 
lung:blood concentration: ratio was 19.5, com- 
pared with 8 under normal conditions. They 
suggested that- this increase in lung affinity for 
bupivacaine in acidosis was the result of increased 
tissue binding by the water soluble form of 
bupivacaine. However, Post and his colleagues 
showed that acidotic rat lung slices had decreased 
uptake of bupivacaine [16]. 

The present study supports the finding that 
acidosis decreases the pulmonary uptake of bupiv- 
acaine, -resulting in greater peak concentrations 
and a faster passage through the pulmonary 
circulation. It is noteworthy that there was no 
difference in bupivacaine recovery between the 
acidotic and control animals when the curves were 
extended to infinity. It would therefore seem that, 
in spite of differences in initial lung uptake of 
bupivacaine, bupivacaine eventually diffuses back 
into the circulation. Our study found no evidence 
for metabolism of bupivacaine by the lung. A 
-possible implication of these findings is that 
systemic or localized acidosis, such as may be 
found in an ischaemic limb during a Bier’s block, 
may be more likely to promote cerebral and 
cardiac toxicity after inadvertent entry of bupiv- 
acaine into the circulation. 
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PATHOGENESIS OF SUXAMETHONIUM-INDUCED 
MUSCLE DAMAGE IN THE BIVENTER CERVICIS MUSCLE 


IN THE CHICK 


C. MCLOUGHLIN, R. K. MIRAKHUR, E. R. TRIMBLE 


AND R. S. J. CLARKE 


SUMMARY 


Muscle damage induced by suxamethonium, 
and the influence of halothane on it, has been 
examined by measuring the efflux of creatine 
kinase (CK) in the biventer cervicis muscle of the 
chick. Whereas halothane and suxamethonium 
alone did not increase the enzyme efflux sig- 
nificantly, the combination of the two was 
associated with significant increase in the con- 
centration of CK in the bathing medium by 
59-157%. The increase in CK was prevented 
by adding chlorpromazine 100 umol litre~' 
to the medium, suggesting the involvement 
of phospholipases in the pathogenesis of 
suxamethonium-induced muscle damage. 


KEY WORDS 


Anaesthetics, volatile: halothane. Complications: muscle 
damage, creatine kinase efflux. Neuromuscular relaxants: 
suxamethonium. 


Suxamethonium has several side effects, the most 
common of which are muscular in origin. The 
association between administration of suxa- 
methonium and delayed muscle pains has been 
long recognized [1]. It is also known to cause an 
increase in serum concentrations of creatine kinase 
(CK), which has been regarded as an index of 
muscle damage in both in vivo and in vitro studies 
[2-4]. 

Little is known about the aetiology of 
suxamethonium-induced muscle damage. Several 
theories have been proposed, but the acute nature 
of the condition has made it difficult to define its 
pathogenesis. It has been suggested that endplate 
depolarization by suxamethonium produces an 
influx of calcium ions into the myoplasm, causing 
activation of phospholipases and culminating in 
cellular damage [5]. In addition, there is evidence 


that similar calcium-mediated processes are re- 
sponsible for muscle damage in other situations 
[6-8]. In the present study, we have examined the 
effect of suxamethonium on the efflux of CK from 
the biventer cervicis muscle of the young chick. 
This muscle contains a large proportion of 
multiply-innervated fibres, with cholinoceptors 
distributed all over the sarcolemma, thus ren- 
dering it markedly sensitive to suxamethonium- 
induced membrane depolarization [9]. 


MATERIALS AND METHODS 


The study was carried out in two phases. In the 
first phase, we examined the release of CK in 
response to suxamethonium and the effect of 
halothane on this. In the second phase, the 
influence of chlorpromazine, which inhibits 
phospholipase A2 [10], was assessed on limitation 
of muscle damage as measured by the same 
enzyme efflux. of 
Phase 1. One-day old chicks weighing 45-50 g 
were killed in an ether chamber and the biventer 
cervices muscle dissected out as described by 
Ginsborg and Warriner [9]. This muscle lies in 
the dorsum of the neck, arises from the base of the 
skull and is inserted into the supraspinous liga- 
ment. It has two bellies, separated by a tendon. 
The lower muscle belly was removed, mounted on 
holders and suspended in tubes containing 6 ml 
of freshly prepared bicarbonate-buffered Krebs 
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SUXAMETHONIUM-INDUCED MUSCLE DAMAGE 


solution modified to produce free calcium 
concentration of 1 mmol litre! (constituents 
(mmol litre-!): NaCl 120, KCI 5.9, NaHCO, 23, 
NaH,PO,.2H,0 1.2, glucose 5.5, MgCl, 1.2, and 
CaCl, 1.0). The medium was gassed with 5% 
carbon dioxide in oxygen and maintained in a 
thermostatically controlled water bath at 37 °C. 

After isolation, each muscle was incubated for 
30 min to allow re-establishment of baseline 
conditions, after which the medium was discarded 
and replaced with fresh buffer. After a further 
30 min this buffer was exchanged and stored for 
analysis of baseline or time zero (T0) CK 
- concentrations. The preparations were incubated 
for 30 min in the presence of suxamethonium 
50 mmol litre! (group S), 3% halothane (group 
‘H), suxamethonium 50 mmol litre? and 3% 
halothane (group S+ H) or without any additive, 
to serve as controls (group C). The pH of all 
materials added to the media was adjusted to 7.4 
and checked using a Corning‘: pH meter. ‘The 
bathing medium was exchanged and replaced at 
the end of this time and stored for analysis as 
sample T30. The medium in each tube was 
changed at 30-min intervals for a further 60 min 
(samples T60 and T90), yielding a total of four 
samples for each preparation. i 

CK concentrations were measured spectro- 
photometrically on the same day as the experiment 
was performed, by measuring the catalysed con- 
version of NADP to NADPH at 340 nm. All 
chemicals were supplied by Sigma Chemical 
Company and were Anal-R grade. 

Phase 2. After the completion of phase 1 
experiments and analysis of the results, the 
combination of halothane-suxamethonium was 
adopted as the standard muscle “trauma”. The 
purpose of this phase was to investigate the effect 
of chlorpromazine on enzyme efflux caused by the 
combination of suxamethonium and halothane. 
Muscle preparations were incubated as before, 
without any additions to the medium to serve as 
controls (group C), with suxamethonium 
50 mmol litre™ and 3% halothane added to the 
gassing mixture from a calibrated Fluotec mark 
III vaporizer (group §+H) or suxamethonium, 
halothane and chlorpromazine 100 pmol litre? 
(group S +H + Ch). Replacement of the medium at 
30-min intervals was performed as in phase 1, 
yielding four serial samples, and analyses of CK 
concentrations were performed promptly. 

Under preset criteria, samples with a baseline 
CK activity of > 50ulitre? were removed 
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from analyses as they were thought to indicate 
occurrence of unacceptable muscle damage on 
dissection. Within each phase, the results were 
analysed statistically using two-factor repeated 
measures analysis of variance (ANOVA). P< 
0.05 was considered significant. 


RESULTS 


A total of 70 muscle preparations yielded ac- 
ceptable results in phase 1. The mean (SEM) 
baseline (T0) CK concentrations in the four 
groups were between 17.5 and 23.1 u litre, with 
no significant difference between groups. In 
undamaged preparations, relatively little enzyme 
accumulated in the medium during this initial 
stabilizing period. CK concentrations remained 
constant or showed a slight tendency to decrease 
through each 30-min period (samples T30, T60 
and T90) in groups C, H and S (fig. 1). In group 
S+H, CK values increased significantly in T30, 
T60 and T90 samples (P < 0.05-0.01). The mean 
CK concentration increased by a maximum of 
157 % (21-54 u litre) at 60 min in this group. 
A total of 48 muscle preparations yielded 
acceptable results in the second phase of the 
study. The baseline (T0) CK concentrations were 
comparable in the three groups and similar to 
baseline values in phase 1 of the study. The 
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Fic. 1. Mean (sM) CK concentrations with and without 
exposure to stixamethonium, halothane and their combination. 
(group C) preparations (n=18); O= 
preparations exposed to suxamethonium (group S) (n = 15); 
X = preparations exposed to halothane (group H) (a = 15); 
A = preparations exposed to suxamethonium and halothane 
(group H +S) (7 = 22). * P < 0.05 compared with TO. 


CK conen {u litre-') 





Group 


Fic. 2. Baseline (O) and maximal (W) (ssm) CK 
concentrations in the presence of suxamethonium and 
halothane with or without chlorpromazine. C = Control 
preparations (n= 18); S-+H = preparations exposed to 
suxamethonium and halothane (n=17); S+H+Ch= 
preparations exposed to suxamethonium, halothane and 
chlorpromazine (n = 13). * P < 0.05 compared with respective 
baseline value. 


maximal changes in CK in groups S+H and 
S+H-+Ch are shown in figure 2. CK concentra- 
tions again, increased significantly in group 
S+H, this time by a maximum of 59% 
(24.6~39.1 u litre1), but showed only minimal 
and insignificant change in both the control (group 
C) and chlorpromazine-treated preparations 
(group S+H+ Ch). 


DISCUSSION 


The measurement of efflux of cell-bound enzymes 
is an accepted method of assessing tissue damage 
in in vivo and in vitro preparations [4]. Isolated 
muscle preparations have been used with success 
in elucidating cellular processes involved in the 
pathogenesis of some muscle diseases [3, 6, 
8,11, 12]. The role of calcium and phospho- 
lipases, specifically phospholipase A2 (PLA2), in 
the cellular disruption associated with various 
muscle damaging processes has been identified 
from these studies. This enzyme may also have a 
role in the pathogenesis of malignant hyper- 
thermia [13]. 

There are several problems associated with the 
use of an experimental model for the study of 
suxamethonium-induced muscle damage. The 
isolated muscle must be removed intact with 
minimal damage, the preparation must be suffic- 
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iently robust to maintain its integrity in an organ 
bath and the muscle membrane must depolarize in 
response to suxamethonium. The volume of the 
bathing medium in the organ bath must also be 
sufficiently small to measure the small changes in 
enzyme output. In addition, even though it is 
generally agreed that muscle damage is related to 
the depolarizing action of suxamethonium, there 
is considerable species variation in response of the 
muscles to the drug [14]. 

The biventer cervicis muscle of the chick, in 
common with the extraocular muscles, possesses 
fibres with multiple innervation and thereby 
responds to suxamethonium with sustained de- 
polarization [15]. Significant enzyme release, 
however, is produced only when halothane is used 
concurrently, which is in keeping with the results 
in humans [16]. It is not known why this is so, but 
it is well documented that suxamethonium pro- 
duces a decrease in serum concentration of 
calcium [17,18], and suxamethonium has been 
suggested to produce muscle damage by causing 
an increase in myoplasmic calcium concentrations 
[5]. Increased cellular concentrations of calcium 
appear to stimulate membrane phospholipid de- 
gradation by activation of PLA2 [8,19]. This 
process may lead to cellular damage by both 
production of damaging metabolites of arachi- 
donic acid metabolism [7, 19] and generation of 
free radical species. In addition, halothane itself 
has been shown to decrease the threshold for 
calcium release from the sarcoplasmic reticulum 
[20], and produce inhibition of the intracellular 
enzyme InsP3-5ase, involved in the regulation of 
intracellular calcium concentration by degrad- 
ation of the “second-messenger”’, inositol tri- 
phosphate [21]. It is possible and perhaps likely 
that halothane-induced increases in myoplasmic 
calcium may be the mechanism of its potenti- 
ation of muscle damage associated with 
suxamethonium. 

Chlorpromazine, in the concentrations used in 
this experimental study, has been shown to inhibit 
the membrane destabilizing actions of PLA2 [10]. 
The possibility that suxamethonium in the pres- 
ence of halothane produces enzyme efflux by 
PLA2 activation is supported by our finding that 
CK concentrations did not increase following this 
combination when chlorpromazine was added to 
the bathing medium. The protective action of 
chlorpromazine could also result from its ability 
to scavenge free radical species [22], or perhaps 
from a membrane stabilizing action. 


SUXAMETHONIUM-INDUCED MUSCLE DAMAGE 


It would be interesting to know if chlor- 
promazine prevents the contracture produced by 
suxamethonium in the presence of halothane, in 
addition to preventing the release of CK. This 
was not examined in the present investigation, 
which was designed to establish a model for the 


study of enzyme changes. 


In conclusion, the chick biventer cervicis 
muscle appears suitable for investigating suxa- 
methonium-induced muscle damage. The damage 
may be assessed by examining efflux of CK into a 
bathing medium. The increase in the enzyme was 
obtunded by addition of chlorpromazine to the 
medium before exposure to suxamethonium and 
halothane. It is possible that damage caused by 
suxamethonium is mediated by activation of the 
enzyme PLA2. In view of the effectiveness of 
chlorpromazine in the prevention of suxa- 
methonium-induced CK efflux, and presumably 
muscle damage, it will be interesting to explore 
the effectiveness of this agent in preventing some 
of the side effects of suxamethonium in clinical 
situations. 
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COMPARISON OF CONTEMPORANEOUS AND 
RETROSPECTIVE ASSESSMENT OF POSTOPERATIVE PAIN 
USING THE VISUAL ANALOGUE SCALE 


W. H. D. LIU AND A. R. AITKENHEAD 


SUMMARY 

We. have assessed postoperative pain in 50 
patients who had undergone total abdominal 
hysterectomy, using repeated contemporaneous 
and single retrospective visual analogue scores. 
There were significant correlations between the 
median, mean and greatest contemporaneous 
Scores, and the single retrospective scores, but 
there was a wide scatter of results among and 
within individual patients. We conclude that the 
wide variability between the two methods of 
assessment suggests that the two techniques 
should not be used interchangeably. 


KEY WORDS 


Measurement techniques: visual analogue scale, retrospec- 
tive. Pain: postoperative. 


The visual analogue scale (VAS) is used com- 
mionly to quantify pain in clinical investigations. 
However, the frequency and timing of pain 
assessment in the postoperative period vary 
considerably and are often selected empirically. 
For instance, pain may be assessed hourly or at 
specific times such as during mobilization. In the 
past, some investigators used a single retrospec- 
tive: measurement to assess the intensity of pain 
in the preceding 24 or 48h [1,2]. However, 
the reliability of assessing pain using this type 
of single retrospective assessment has not 
been compared with repeated contemporaneous 
assessment. The purpose of this study was to 
compare these two methods of assessment. 


PATIENTS AND METHODS 


We studied 50 healthy patients who had under- 
gone total abdominal hysterectomy; all received a 
standard general anaesthetic. They were pre- 


medicated with temazepam 10-20 mg and an- 
aesthesia was induced with thiopentone 5 mg kg™! 
and fentanyl 1.5-2 ug kg}. Tracheal intubation 
was facilitated with vecuronium 0.1 mg kg™ and 
the patient’s lungs were ventilated with 67% 
nitrous oxide and 0.5-1.5 % enflurane in oxygen. 
At the end of the operation, residual neuro- 
muscular block was antagonized with neostigmine 
35 pg kg! and glycopyrronium 8 pg kg. None of 
the patients received regional analgesia. I.m. 
injections of papaveretum 0.2-0.3 mg kg! were 
prescribed 4-hourly and administered when 
deemed to be required, by the nursing staff. 

The principle of the visual analogue scale was 
explained to all patients on the day before the 
operation. The VAS consisted of a 100-mm line 
on A4 paper, with “No pain at all” printed on the 
extreme left of the line and “Worst possible pain” 
on the right. Pain was assessed by the patients 
every 2h on the first day after operation from 
09:00 to 21:00. As a result, there were seven pain 
scores for each patient on the first day. These 
represented the contemporaneous scores; the 
median, mean and the greatest value of these 
scores were used for subsequent analysis. A new 
VAS was used for each assessment and patients 
were unable to refer to their previous scores. At 
09:00 on the second day, two further VAS were 
completed. The first assessed the overall pain of 
each patient in the preceding 24h; this repre- 
sented the single retrospective score. The second 
assessed the severity of the patient’s current pain. 
The analgesic requirement during the period of 
assessment was also recorded. 
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RESULTS 


The mean age (range) and weight (sD) of the 
patients were 42.3 (26—65) yr and 64.6 (8.1) kg, 
respectively. The mean (sD) dose of papaveretum 
administered on the first day after operation was 
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Fic. 1. Median (@) and range (bars) of VAS for all patients, 
arranged in ascending order of median values. 
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Fic. 2. Relationship between the median VAS score and 

single retrospective VAS score. The solid line represents the 

regression line and the interrupted lines represent the 95% 
confidence intervals of the regression line. 
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Fic. 3. Relationship between the mean of the median plus 

retrospective VAS (Mean scores) and the difference (retro- 

spective minus median) between the scores (Difference). The 

dotted line represents the mean bias, the two interrupted lines 
represent the limits of agreement. 


24.3 (12.3) mg. The distribution of the median 
and range of contemporaneous scores for all 
patients is shown in figure 1. It is clear that there 
was wide variability of pain scores both within 
and between patients. 

The relationship between the single retrospec- 
tive score and the median contemporaneous score 
is shown in figure 2. There was a significant 
correlation between them (r= +0.63, P< 
0.0001). Similar relationships were found between 
the single retrospective score and the mean 
contemporaneous score (r = +0.63, P < 0.0001), 
and between the single retrospective score and the 
greatest contemporaneous score .(r = +0.66, P < 
0.0001). The correlations between the single 
retrospective score and the smallest contempor- 
aneous score or the contemporaneous scores at 
09:00 on the second day were weaker (r = +0.31 
and +0.56, respectively), but were also stat- 
istically significant. The Y-intercept and the slope 
of the regression line between the single retro- 
spective and the various contemporaneous scores 
are summarized in table I. 


TABLE I. Relationships between single retrospective and contemporaneous (mean, median, current pain at 09:00 on second day, 
: smallest and greatest) scores 


Residual sp Mean bias (2sp) 


VAS r P Intercept (95 % C.I.) Slope (95 % C.I.) 
Mean 0.63 < 0.0001 14.2 (5.5-22.9) 0.47 (0.25-9.69) 13.1 9.8 (35.8) 
Median 0.63 < 0.0001 11.2 (2.3-20.1) 0.53 (0.31-0.75) 14.9 9.9 (36.6) 
09:00 0.56 < 0.0001 3.4 (—5.1 to 11.9) 0.55 (0.31-0.79) 18.5 17.1 (42.4) 
second day ; 
Smallest 0.31 < 0.028 7.5 (2.0-13.0) 0.18 (—0.09 to 0.45) 12.4 29.6 (45.2) 
Greatest 0.66 < 0.0001 26.6 (13.7-39.5) 0.64 (0.42-0.85) 16.7 — 10.2 (37.4) 
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The data were analysed also using Bland and 
Altman’s method [3] in order to examine the 
agreement between the two approaches of pain 
assessment. The mean bias and limits of agree- 
ment are the mean and +2sp, respectively, of the 
differences between two methods of measurement. 
In the case of the single retrospective scores and 
the median contemporaneous scores, the mean 
bias and limits of agreement were 9.9 mm and 
+36.6 mm, respectively (fig. 3). The mean biases 
and the limits of agreement between the retro- 
spective scores and the various contemporaneous 
scores are also summarized in table I. 


DISCUSSION 


Pain is a subjective sensation and is difficult to 
measure. Nevertheless, it is important to quantify 
it as reproducibly as possible. It has been stressed 
again recently that pain should be assessed 
routinely in the postoperative period, with other 
physiological variables such as arterial pressure 
and heart rate [4]. There is a range of methods 
available, but the frequency and timing of pain 
assessments vary considerably. Multidimensional 
assessment, for example the McGill pain ques- 
tionnaire, has been shown to produce consistent 
results, but is probably too complicated to use in 
the immediate postoperative period. In contrast, 
visual analogue scales are easy to use and have 
been utilized widely by clinical investigators to 
quantify acute pain in the postoperative period. 
Moreover, the reliability and reproducibility of 
VAS have been studied extensively [5, 6]. 

In the past, single retrospective assessment has 
been used to assess acute postoperative pain [1, 2]. 
The potential advantages of a single retrospective 
assessment of overall pain are that it is less Jabour- 
intensive, more convenient to the investigators 
and less disruptive to the patients. It may also 
allow prediction of some feature of the con- 
temporaneous scores (i.e. the mean, median, 
greatest or smallest), In addition, factors such as 
the residual effect of general anaesthetics and the 
sedation associated with opioid drugs, which may 
increase the variability of pain perception and its 
measurement, may be greatly reduced by using a 
single retrospective assessment. However, the use 
of a single retrospective assessment of the overall 
pain relief in the preceding 24 h has been criticized 
[7,8]. In addition, it has been reported that 
patients were unable to remember severe pain in 
the immediate postoperative period when 
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questioned the following day [9]. In a study [10] 
which examined the analgesic effect of nalbu- 
phine, patients were reported to have severe pain 
and high contemporaneous pain scores, but these 
patients reported good or excellent overall pain 
relief retrospectively at the end of the study. 
Retrospective assessment of labour pain [11] and 
chronic pain [12] have been investigated; par- 
turients appeared to have lower retrospective 
scores [11], whereas patients with chronic pain 
tended to report higher retrospective scores [12], 
but the methods of analysis were different from 
those used in the present study. However, no 
formal comparison of contemporaneous and retro- 
spective scoring has been carried out previously. 

The highly significant correlations between the 
single retrospective scores and the median, mean 
and greatest contemporaneous scores were not 
surprising, as the contemporaneous and retro- 
spective scores were measuring approximately the 
same variable. In general, patients might be 
expected to have a better memory of their worst 
pain (highest scores) than their least pain (owest _ 
scores), as reflected by the greater correlation 
coefficient for the former. The correlation be- 
tween the single retrospective score and the 
current pain score at 09:00 on the second day was 
relatively weak, suggesting that pain at the time of 
retrospective assessment may have little influence 
on the memory of overall pain on the previous 
day. However, correlation coefficient only 
measures the strength of relation between two 
variables and not the agreement of the relation 
between them. 

According to Bland and Altman [3], it is more 
informative to plot the difference of the measure- 
ments by the two methods against the mean of 
these measurements. The mean bias represents 
the mean of the differences between the two scores 
for all patients. The limits of agreement represent 
2 sD of these differences from the mean bias. In 
this study, the single retrospective scores tended 
to be greater than the median contemporaneous 
scores by 9.9 mm (mean bias), but the limits of 
agreement were wide (+36.6 mm). The scatter of 
results is too wide for the two methods to be used 
interchangeably, and therefore it is probably too 
unreliable to predict the median contemporaneous 
scores from the single retrospective scores. Simi- 
lar wide limits of agreement were found between 
the single retrospective scores and the other 
contemporaneous scores. 

It has been suggested that analgesics with 
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amnesic properties might provide misleading 
results if studies depended on retrospective assess- 
ments [10]. In addition, the mode of administra- 
tion of analgesic drugs may have an influence on 
the variability of pain perception, depending on 
the elapse of time between drug administration 
and pain assessment; intermittent i.m. injections 
may increase the variability of pain assessment in 
comparison with continuous infusions, patient- 
controlled analgesia or administration of analgesics 
via the extradural route. As a result of the wide 
scatter of data and wide limits of agreement 
between the retrospective and contemporaneous 
scores, we conclude that the two methods of acute 
pain assessment cannot be used interchangeably 
in the postoperative period when the administra- 
tion of opioids is via intermittent i.m. route. The 
implication of this is that studies on acute pain 
and its management may be compared with each 
other only if the same method of pain measure- 
ment has been used. 
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ANAESTHESIA FOR PATIENTS WITH TRANSPLANTED 
HEARTS AND LUNGS UNDERGOING NON-CARDIAC 


SURGERY 


I. H. SHAW, A. J. B. KIRK AND I. D. CONACHER 


Organ transplantation has become an established 
form of surgical management in a patient with 
selected end-stage chronic disease not amenable 
to conventional medical or surgical treatment. 
Heart and lung transplantation is performed by a 
few National centres in the United Kingdom 
often some distance from the patient’s home. The 
national figures for cardiopulmonary transplan- 
tation in the United Kingdom and Eire during 
1989, as notified to Transplant U.K., were: heart 
302; heart-lung 94; lung 39. Worldwide, 2450 
transplantations were performed during 1988 
[15]. 

Medical attendants should be alert to recog- 
nizing problems caused by the presence of 
infection in immunosuppressed patients, modes 
of presentation of rejection phenomena and how 
transplanted organs, notably significantly dener- 
vated ones, may behave and respond under the 
pathophysiological circumstances that arise 
during surgery, resuscitation and intensive care. 


BACKGROUND 

Type of transplant 

Heart. Heart transplantation is suitable only for 
a highly selected group of patients in end-stage 
cardiac failure, the majority of whom suffer from 
ischaemic heart disease or cardiomyopathy [15]. 
Contraindications vary from centre to centre. 
Relative contraindications and risk factors in- 
clude: age more than 60 yr; increased pulmonary 
vascular resistance; peripheral vascular disease; 
diabetes mellitus; neoplastic disease; renal dys- 
function; hepatic disease; acute infection; multi 
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system disease; adverse social conditions; adverse 
psychiatric conditions. 

The International Society for Heart Trans- 
plantation reported that 83 % of patients are male 
in the age range 34-55 yr. 

The diseased heart is removed during bypass, 
leaving right and left atrial remnants. Conse- 
quently, the postoperative ECG may exhibit two 
P waves [12]. The impulse generated by the atrial 
remnant is inconsequential. 


Combined heart-lung (HLT). Originally applied 
to primary pulmonary hypertension and Eisen- 
mengers’ Syndrome, HLT has expanded to 
include parenchymal lung diseases, predominant- 
ly septic lung conditions such as cystic fibrosis 
and bronchectisis. Generally, patients undergoing 
HLT are younger than those having heart trans- 
plants, with a mean age of 29 yr. 


Single lung (SLT). SLT is performed for 
isolated pulmonary disease with minimal cardiac 
involvement. Since the first successful SLT was 
performed in 1983, it has developed as an 
acceptable surgical treatment for suitable patients 
in respiratory failure. Most experience to date has 
been with pulmonary fibrosis, but the indications 
are widening on an experimental basis to include 
emphysema and pulmonary vascular diseases. 

Where appropriate, SLT has several advantages 
in comparison with HLT. Three recipients can 
benefit from a single organ donor. This is 


~ particularly important as the number of patients 


awaiting transplantation increases. Cardiopul- 
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TABLE I. Survival rates of patients who underwent heart, heart- 





lung and lung transplantation 
Organ 
transplanted Survival VA Source 
Heart-lung 30 days 81.2 [15] 
1 year 55.7-61.1 [15] 
5 year 55.4 [15] 
Heart 30 days 91.1 [15] 
5 year 73.9-81.9 [15] 
10 year 73.3 [15] 
Lung 1 year 65.0 [J. D. Cooper, 
personal 
communication] 


monary bypass is often not necessary for SLT [6]. 
In some centres, previous thoracotomy or pleuro- 
desis is a contraindication to HLT because of the 
hazards of bleeding. At the Freeman Hospital we 
prefer not to accept patients with a previous 
thoracotomy or pleurodesis for SLT, but these 
are not absolute contraindications. The avoidance 
of cardiopulmonary bypass reduces the extent of 
postoperative bleeding. In SLT the carina re- 
mains innervated, which facilitates the patient’s 
own cough reflex. There is also less obliterative 
broncholitis ia SLT, although this has not been 
validated. Finally, in the event of rejection after 
SLT, the contralateral lung should be able to 
provide acceptable support. 


_ Double lung (DLT). The initial experience with 
DLT involved transplanting both lungs en bloc 
with a left atrial anastomosis, pulmonary artery 
anastomosis and a single tracheal anastomosis. 
There were major problems with tracheal healing, 
leading to dehiscence and stenosis. Consequently, 
this technique was abandoned. However, the 
concept of sequential single or bilateral lung 
transplantation was developed whereby two lungs 
are implanted separately via a sternotomy or 
bilateral thoracotomies. This is much more prom- 
ising and allows the patient to keep his own heart. 
DLT is restricted to a few centres, but may in 
time prove to be of value in septic conditions such 
as cystic fibrosis. 


Survival 

Better patient selection, improved surgical and 
anaesthetic techniques and the introduction of 
cyclosporin as part of triple immunosuppressive 
regimens have led to improved survival for 
transplant patients. The first year after trans- 
plantation appears to be the most critical, with the 
greatest mortality, particularly from rejection and 
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infection. The nature of the immunosuppressive 
“regimen seems to have an influence on survival; 
those receiving corticosteroids, azathioprine and 
cyclosporin have the best outcome. The sex and 
age of the patient do not appear to be significant 
factors. Table I gives the current survival rates for 
cardiopulmonary transplantation. 


Morbidity and mortality 


Recipients of transplanted hearts and lungs are 
prone to several major problems, the foremost of 
which are organ rejection and opportunistic 
infection. Rejection is discussed later. 


Arrhythmias. An increased frequency of arrhy- 
thmias after cardiac transplantation has been 
reported by several workers [1, 14], in particular, 
ventricular premature beats. Exercise has been 
demonstrated to increase the frequency of arrhy- 


‘thmias [29]. 


Providing the heart functions well, and in the 
absence of rejection, these arrhythmias are thought 
to be benign. However, ventricular tachycardia 
has been reported also and may be responsible for 
sudden death in patients with transplants [24]. 
Several mechanisms have been postulated for 
these frequent arrhythmias, including hyper- 
sensitivity to circulating catecholamines, loss of 
vagal tone and ischaemia nea: to ps ete 
coronary atherosclerosis [29]. 


Infection. Infection presents a major risk to 
immunosuppressed patients and is ‘a significant 
cause of morbidity and mortality [15]. In one 
series [12], it was reported that 16 of 33 patients 
who had undergone heart transplantation died 
from infection. 

Infections seem to be commonest during the 
first 3 months after transplantation [8,13]. The 
lung is the organ affected most commonly. A 
multitude of micro-organisms have been isolated, 
but the most common viral agents are Cyto- 
megalovirus and Herpes simplex. Protozoal and 
fungal infections also occur, most notably Pneu- 
mocystis carinii pneumonia. 

The incidence of opportunistic infection 
appears to decline 6 months after transplantation 
[22], but as long as the patient continues to receive 
immunosuppressants and corticosteroids, the risk 
of infection persists. 


Neoplasia. Immunosuppressed patients are 
known to have a greater incidence of malignant 
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neoplasms [23] and lymphoma [25] than the 
general population. Cardiac transplant patients 
appear to be at a greater risk in this respect 
compared with renal transplant patients, possibly 
because the former have a more intense immuno- 
therapy regimen [20]. A second transplantation 
appears to enhance further the risk of subsequent 
malignancy [13]. 


Psychological problems. Psychological problems 
associated with organ transplantation have been 
reviewed [18]. In general, the psychological status 
of most patients improves after cardiac trans- 
plantation, although transient psychiatric dis- 
orders are not uncommon in the early post- 
operative period [10]. Organic mental disorders 
were the most frequent observation and thought 
to be associated with drug therapy or other 
metabolic derangements. Chronic psychiatric 
conditions such as anxiety and depression occur 
and appear to correlate with preoperative psy- 
chological status. Depression and anxiety may 
lead to non-compliance with drug therapy, a 
problem shared by many chronically ill patients. 
Drug non-compliance is thought to be a signif- 
icant factor in many cases of organ rejection. 


Nature of the presenting illness 


Isolated reports of anaesthesia in patients with 
transplanted hearts have appeared in the literature 
for a wide variety of non-cardiac procedures 
including total hip replacement, laparotomy, 
removal of infected toe nails, aortic aneurysm 
repair and lumbar laminectomy [2, 7, 9, 19, 28]. 

Steed and colleagues [30] noted a greater 
incidence of general surgical complications in 
post-transplant patients compared with other 
post-cardiopulmonary bypass patients, and that 
these complications were associated with a greater 
than expected mortality rate. Colon and colleagues 
[4] reported that biliary and pancreatic disorders 
were a common cause of surgical intervention in 
post-transplant patients. An increased risk of 
serious complications was noted also in those 
patients who underwent surgery. 

Because of the smaller number of successful 
lung transplants, reports in the literature of 
subsequent anaesthesia are uncommon unless 
associated with a heart transplant. 


REJECTION 
Heart 


Acute allograft rejection is a serious compli- 


BRITISH JOURNAL OF ANAESTHESIA 


cation in the post-transplantation period and a 
major cause of mortality and morbidity [15]. The 
long-term results of heart transplantation are 
marred by the complication of accelerated cor- 
onary atheroma, thought to be a manifestation of 
chronic rejection. In one series [13], it was 
reported that 46% of transplant patients had 
angiographic evidence of graft coronary artery 
disease 2 years after transplantation, increasing by 
a further 1 % after 4 years. Graft atherosclerosis is 
not infrequently associated with haemodynamic 
abnormalities. 

The patient with the denervated heart does not 
experience angina or cardiac chest pain, the usual 
hallmarks of myocardial ischaemia. The only 
warning of impending rejection or ischaemia may 
be a complaint of excessive tiredness and dyspnoea 
which in time may manifest as heart failure [3]. 
Therefore, it is policy in most units to perform 
coronary angiography on an annual basis. Atrial 
arrhythmias were observed in 40% of patients 
during an episode of rejection, the frequency 
declining in response to antirejection therapy. 
Bradycardia and small ECG complexes should 
also alert the physician to the possibility of 
impending rejection, as should an increased 
frequency of transient ischaemic attacks [17]. 


Lungs 

Early lung transplants were troubled with 
rejection and breakdown of the bronchial an- 
astomosis, usually within 4 weeks of transplan- 
tation. This has been overcome partially by the 
technique of wrapping a pedicle of omentum, 
pulled through a hole in the diaphragm, around 
the anastomosis. The omentum appears to pro- 
mote revascularization of the bronchus distal to 
the anastomosis [6]. The steroid sparing effect of 
cyclosporin A has also had a beneficial effect on 
healing. 

Detecting rejection of a transplanted lung can 
often be difficult, as the symptoms may mimic 
those of a chest infection. Typically, rejection is 
associated with fatigue, dyspnoea, sudden arterial 
desaturation, pyrexia and leucocytosis. Perihilar 
infiltration or graft opacification on the chest x- 
ray [5,32] may be preceded by a decrease in 
D,CO and FEV, [16]. Pulmonary blood flow 
decreases as detected by isotope perfusion scan 
[6]. Although these non-invasive investigations 
are useful indicators, it is imperative to differ- 
entiate between infection and rejection using the 
relatively simple techniques of bronchoalveolar 
lavage and transbronchial lung biopsy. The 
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predominant pathological finding in acute lung 
rejection is of perivascular or peribronchial infil- 
tration by mononuclear cells. 


Heart—lung 


Heart—lung allograft rejection is similar to that 
described for the individual organs. In practice, 
pulmonary rejection precedes cardiac rejection 
and it is rare for cardiac rejection to occur in the 
absence of lung rejection. 

Obliterative bronchiolitis appears to be more 
common in lungs which have rejected when the 
transplant was in conjunction with a heart trans- 
plant than in isolated lungs [6]. 

If the anaesthetist suspects an episode of 
rejection, surgery should be postponed and the 
patient referred to the transplantation centre, as 
anaesthesia in the presence of ongoing rejection 
presents formidable management problems and 
may necessitate full inotropic and mechanical 
support. 


DENERVATION 
Heart 


Physiology. The physiology of the transplanted 
heart has been discussed by several authors [9, 12, 
26]. The denervated heart has a greater resting 
rate in the absence of vagal tone, generally 90-100 
beat min“. No autonomic reinnervation takes 
place in humans after transplantation, therefore 
the normal sympathetic responses to laryngoscopy 
and intubation are absent. The heart does respond 
to circulating catecholamines, although this re- 
sponse may take 5-6 min to manifest. The normal 
baroreceptor reflexes are absent and carotid sinus 
massage and Valsalva manoeuvre have no effect 
on heart rate. 

Of concern to the anaesthetist is the absence of 
tachycardia in response to light anaesthesia or 
hypovolaemia. Increases in cardiac output are 
achieved by increasing stroke volume rather than 
heart rate. Modulation of cardiac output is 
dependent, therefore, on intrinsic mechanisms. 
The anaesthetized patient with a heart transplant 
may show exaggerated responses to hypovolaemia, 
sudden changes in posture or decreases in sys- 
temic vascular resistance. Care should be taken, 
therefore, to avoid excessive loss of volume, 
dehydration or significant peripheral vasodilata- 
tion. Consequently, it is desirable to maintain an 
adequate preload at all times. 


Pharmacology. In the denervated heart, drugs 
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with autonomic activity, such as atropine, neo- 
stigmine, suxamethonium and pancuronium, have 
little effect on heart rate. Glucagon and digitalis 
exhibit inotropic effects, although the latter has no 
significant influence on heart rate or AV nodal 
conduction [21,24,26]. The heart receptors re- 
main responsive to drugs, and sympathomimetic 
amines such as isoprenaline, adrenaline, dopamine 
and dobutamine respond in the normal manner. 

Reflex tachycardia, often seen with vasodilator 
drugs such as hydralazine, glycerin trinitrate and 
sodium nitroprusside is absent and hypotension 
may be exaggerated. 

Anti-arrhythmic drugs act in the normal man- 
ner and cardioversion remains effective. 


Lung 

Physiology. The transplanted lung is denervated 
distal to the bronchial anastomosis. Modulation of 
the mechanics of breathing is regarded generally 
as being under brainstem control, and respiratory 
and apneustic centres receive peripheral infor- 
mation from chemo- and stretch receptors via the 
vagus nerve. As with the denervated heart, no 
functional reinnervation takes place. Rhythmic 
disturbances of breathing have been reported in 
the early postoperative period, but the normal 
pattern appears to return quickly [27]. The lung 
responds normally to exercise and carbon dioxide. 

Several workers have described transient re- 
duction in lung volume secondary to changes in 
the rib cage and vertebral column [16]. The FEV, 
increases progressively to reach preoperative 
values by 6 months [31]. 

Of concern to the anaesthetist is the cough 
reflex. This is initiated by stimulation of receptors 
in the trachea, bronchi and bronchioles. Stimu- 
lation of any airway distal to the anastomosis does 
not elicit a cough reflex. In single lung transplants, 
the carina remains intact, consequently carinal 
stimulation elicts a cough reflex. Extubation of the 
trachea of lung transplant patients should be 
delayed until the patient is sufficiently awake to 
co-operate and respond to verbal commands to 
cough. Expectoration from the transplanted lung 
has to be encouraged by postural drainage and 
physiotherapy. 

Although regarded as having some advantages 
over heart-lung transplants [6], single lung trans- 
plants give rise to an imbalance of perfusion. The 
transplanted lung is often perfused preferentially 
by virtue of its lesser vascular resistance compared 
with the remaining diseased lung. Anaesthesia 
should therefore avoid manoeuvres that give rise 
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TABLE II. Postoperative modulation of immunosuppression therapy in transplant patients undergoing sur- 
gery unable to take medication orally 








Before operation After operation 
Drug Route Drug Route Notes 
Prednisolone Oral Methylprednisolone Iv. Given at a ratio of 0.8 of the 
dose of prednisolone 
Azathioprine Oral Azathioprine I.v. Given as the same dose as orally 
Cyclosporin Oral Cyclosporin Lv. Given as 25% of the oral dose 


to excessive increases in pulmonary vascular 
resistance. 


Pharmacology. It has been noted that some 
heart-lung transplant patients have an increased 
Paco; in the postoperative period. In time, the 
Paco, decreases to within normal limits. In 
animals, vagotomy has been shown to reduce the 
ventilatory response to hypercapnia. Finch and 
Jamieson [9] have expressed fears that drugs 
which depress ventilation may further obtund the 
response to carbon dioxide. The clinical signifi- 
cance of this observation is not clear. 

Despite denervation, bronchoconstriction has 
been described in a patient with a transplanted 
lung which subsequently rejected [9]. Interest- 
ingly, there was a poor response to broncho- 
dilators such as isoprenaline, aminophylline and 
adrenaline. 


DRUG THERAPY 


Heart and lung transplant patients receive a wide 
variety of drugs, many of which are familiar to the 
anaesthetist. The complex drug regimens are 
essential for the maintenance of the allograft. In 
addition to immunosuppressive drugs such as 
azathioprine, cyclosporin and corticosteroids, 
these patients are often receiving antihypertensive 
agents, diuretics, histamine-2 blockers, antifungal 
and antiviral agents. A full discussion of these 
drugs is beyond the scope of this article, but 
several points are of concern to the anaesthetist in 
relation to cyclosporin A, the cornerstone of 
antirejection therapy. 

Cyclosporin A has been reported to have a wide 
variety of drug interactions and side effects, 
particularly nephrotoxicity and hepatotoxicity. In 
one study after heart transplant, all patients 
receiving cyclosporin A demonstrated chronic 


over 6 h twice daily at 08.00 and 20.00. 
Monitor blood concentrations 


nephrotoxicity within 2 years of transplantation 
[13]. Hypertension is associated not infrequently 
with nephrotoxicity. In experimental animals, 
cyclosporin infusions have been shown to poten- 
tiate the neuromuscular blocking effects of atra- 
curium and vecuronium. Cremophor EL, the 
solubilizing agent of cyclosporin, further enhan- 
ced this effect [11]. The clinical significance of 
this finding is uncertain. 


Preoperative drug therapy 


All medication should be continued as pres- 
cribed up to the day of operation. This is essential 
for immunosuppressive therapy. A supplemen- 
tary dose of steroids is given usually during 
anaesthesia. 


Postoperative drug therapy 


After operation, the drug regimen should 
continue. Where possible, medication should be 
given orally. Following gastrointestinal surgery, 
or when the patient is unable to take enteral 
medication, modulation of the immunosuppres- 
sive regimen is necessary (table II). It is our 
practice to continue steroids i.v. as methylpred- 
nisolone in an equivalent dose. Azathioprine 
may be given i.v. at the same dose as given orally. 
Changes in cyclosporin dose necessitate moni- 
toring blood concentrations after operation in 
order to maintain them within the therapeutic 
range of 150-250 mg ml“. 


PREOPERATIVE EVALUATION 


The approach to the preoperative assessment of a 
patient with a transplanted heart or lung should 
not differ from that of any other patient. Trans- 
plant patients are issued with a record book which 
_ provides the anaesthetist with the latest infor- 
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mation obtained at the last hospital visit. The 
record notes details of drug therapy, biopsy 
results, electrocardiograms, chest x-rays and any 
other relevant details, including the phone num- 
ber of the transplant centre. Early communication 
with the transplant centre is desirable, particularly 
regarding any peroperative changes in immuno- 
suppressive therapy. 

The usual preoperative investigations should 
be conducted: review patients record book; 
perform full blood count; measure haemoglobin, 
urea, electrolyte and creatinine concentrations; 
perform liver and pulmonary function tests; chest 
x-ray; ECG; sputum microbiology. If an in- 
dwelling pacemaker has been fitted, the usual 
assessment of its function should be made. 


ANAESTHETIC TECHNIQUE 


After the patient is assessed before operation and 
it has been established that there is no rejection, 
the patient should be premedicated with the usual 
premedication of choice. 

A wide variety of general anaesthetic techniques 
have been described in the literature, all of which 
have been successful. In general, an i.v. induction 
followed by tracheal intubation and ventilation 
using a neuromuscular blocking agent, an opioid 
and an inhalation agent, or spontaneous breathing 
with an inhalation agent, seem to be the most 
popular. 

Several authors have expressed concern at the 
use of spinal or extradural anaesthesia in cardiac 
transplant patients because of exaggerated hypo- 
tensive responses [2,9]. Firestone [personal com- 
munication] has reviewed 127 post-transplant 
procedures and found that 20% were performed 
under regional anaesthesia and 30% under i.v. 
sedation. Recently, we have used extradural an- 
aesthesia for postoperative pain control over a 2- 
day period in a post cardiac transplant patient 
who had undergone oesophagogastrectomy. The 
patient was hydrated adequately and changes in 
haemodynamic state were minimal. 

All peripheral, central and arterial cannulae 
should be sited under full aseptic techniques. 
Disposable sterile tracheal tubes should be used 
and all i.v. infusions fitted with bacterial filters 
and injection ports kept capped and sterile. 


Of greatest concern is the development of — 


peroperative bradycardia in a patient with a 
transplanted heart. As atropine is ineffective in 


-increasing heart rate, an infusion of isoprenaline 
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should be readily available for administration 
through a peripheral cannula. 

In patients with isolated lung allografts, care 
should be taken to avoid excessive airway pres- 
sures which may stress the bronchial anastomosis. 
A transplanted lung is deprived of lymphatic 
drainage and great care should be taken to avoid 
fluid overload in these patients. It has been 
postulated [19] that potentially noxious stimuli, 
such as prolonged increased oxygen concentra- 
tions, may be deleterious to the graft. 

Appropriate antibiotic cover is essential in all 
transplant patients undergoing surgery. The nor- 
mal regimen used for non-transplant patients 
should be adopted, the choice of antibiotic 
prophylaxis being dictated by the nature of the 
surgery. It is prudent also to include a single dose 
of an anti-staphylococcal agent, such as flucloxa- 
cillin, to cover the insertion of all percutaneous 
cannulae. 

Monitoring 

Standard peroperative monitoring of the ECG, 
arterial pressure, oxygen saturation and end-tidal 
carbon dioxide concentration may be all that is 
required in a well patient. The nature of the 
peroperative monitoring should be decided after 
consideration of the patient’s preoperative con- 
dition and the proposed surgery. 

The risk of infection is such that the use of 
invasive monitoring should be avoided unless it is 
felt to be absolutely necessary. When central 
venous pressure monitoring is necessary, the 
catheter should be inserted via the antecubital 
fossa or the left internal jugular vein, as routine 
cardiac biopsies are performed usually via the 
right internal jugular vein. 


POSTOPERATIVE CARE 


Postoperative care should be routine, but extra 
vigilance should be exerted to detect infection. 
Any evidence of infection must be investigated 
early and treated accordingly. Fluid balance must 
be monitored carefully to avoid excessive positive 
balances, particularly in patients with transplan- 
ted lungs. Lung transplant patients should be 
encouraged to cough and expectoration promoted 
by physiotherapy and postural drainage where 
possible. 


SUMMARY 
Heart and lung transplantation is now accepted as 
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a means of treating some end-stage cardiopul- 
monary diseases. These patients may present with 
a wide variety of non-cardiopulmonary conditions 
requiring anaesthesia and surgery, possibly at a 
place distant from their original transplant centre. 
In general, for much elective, acute or even 
emergency surgery, if the allograft is functioning 
satisfactorily, these patients should present few 
problems during anaesthesia, provided the an- 
aesthetist has some understanding of the patho- 
physiology of the transplanted organ and recog- 
nizes the differences (potential and specific to 
cardiopulmonary transplantation) between such 
patients and any other subject. 
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P6 ACUPUNCTURE AND POSTOPERATIVE VOMITING 
AFTER TONSILLECTOMY IN CHILDREN 


S. M. YENTIS AND B. BISSONNETTE 


SUMMARY 


We have studied the effect of P6 acupuncture on 
postoperative vomiting in 45 children under- 
going tonsillectomy. After induction of anaes- 
thesia and before the start of surgery, 50% of the 
patients received P6 acupuncture (in the middle 
of the ventral surface of the wrist) for 5 min. 
There was no difference in the incidence of 
vomiting between the acupuncture (39%) and 
non-acupuncture (36%) groups. We conclude 
that, when administered after induction of an- 
aesthesia, P6 acupuncture is ineffective in re- 
ducing vomiting after tonsillectomy in children. 


KEY WORDS 


Anaesthesia: paediatric. Anaesthetic techniques: acupunc- 
ture. Surgery : tonsillectomy, paediatric. Vomiting: incidence. 


Vomiting is common after paediatric tonsil- 
lectomy, with a reported incidence of up to 81% 
[1]. Stimulation of the P6 acupuncture point has 
been shown to reduce nausea and vomiting 
significantly in adults undergoing gynaecological 
procedures [2, 3] and chemotherapy [4], and has 
no side effects [2]. This point (“‘Neiguan’’) is 
situated two “Chinese inches” (two widths of the 
interphalangeal joint of the patient’s thumb) 
proximal to the distal skin crease of the wrist [2]. 
Children often respond well to acupuncture in 
general, and are included in the group termed 
“strong reactors” [5]. P6 acupuncture and 
postoperative vomiting has not been studied 
previously in children. 

The purpose of this study was to evaluate the 
antiemetic effect of P6 acupuncture in children 
undergoing tonsillectomy. Although acupuncture 
is painless and tolerated well by adults, we felt 
that most children would be too scared to accept 
it when awake; consequently the acupuncture was 
administered after induction of anaesthesia. 


METHODS AND RESULTS 


After approval by the Human Subjects Review 
Committee, we obtained informed written consent 
from the parents of 45 children of ASA physical 
status I or II presenting for elective tonsillectomy. 
The children were allocated randomly to two 
groups, the sizes being determined by power 
analysis assuming a value for a of 0.05, B of 0.2, 
control incidence of vomiting of 80% and post- 
acupuncture incidence of 40 %. No premedication 
was given. Anaesthesia was induced with i.v. 
thiopentone 5 mg kg", atropine 0.02 mg kg~, and 
suxamethonium 1.5 mg kg. Manual inflation of 
the lungs (taking care not to inflate the stomach) 
was followed by tracheal intubation and spon- 
taneous ventilation with 66% nitrous oxide and 
1.5-2.0% isoflurane in oxygen. The children in 
one group received acupuncture at the P6 point 
on the left side with 5 min manual stimulation, 
using sterile, disposable 0.2-mm diameter acu- 
puncture needles. The acupuncture was ad- 
ministered by one investigator (S. Y.) immediately 
after tracheal intubation and before the start of 
surgery. 

I.m. codeine 1.5 mg kg was administered to 
all patients at the end of surgery. Estimated fluid 
deficit and maintenance requirements were re- 
placed with i.v. Ringer’s lactate solution. After 
operation, i.m. dimenhydrinate 1.0 mg kg"! was 
available if the incidence of vomiting exceeded 
three episodes during any l-h period. Further 
im. codeine 1.0mgkg™ or oral paracetamol 
10 mg kg was available on the ward as required 
for pain. 

The incidence of vomiting, retching or both 
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TABLE I. Patient data (mean (sD or range)) and incidence of 
vomiting following tonsillectomy (No. (%)) 





Control Acupuncture 
(n = 22) (n = 23) 
Age (yr) 6.7 (2-11) 5.7 (2-10) 
Duration of anaesthesia 24 (7) 26 (7) 
(min) 
Time to first drink (min) 96.0 (53.7) 75.5 (27.1) 
Time to discharge (h) 19.8 (1.5) 19.4 (1.4) 
Postoperative vomiting 8 (36%) 9 (39%) 





was recorded in the postanaesthetic recovery room 
(PAR) and ward. Staff, patients and parents were 
unaware of whether or not acupuncture was given. 
Other data collected included age, sex, duration of 
anaesthesia, duration of stay in the PAR, post- 
operative drug requirements, time to drinking 
fluids and time to discharge from hospital. 

Statistical significance (P < 0.05) was deter- 
mined using the unpaired z test for age, duration 
of anaesthesia, duration of stay in the PAR and 
time to drinking and discharge from hospital; chi- 
square analysis was used for sex distribution, 
postoperative drug requirements and incidence of 
vomiting. 

There was no significant difference between the 
groups for any of the variables recorded. The 
incidence of vomiting was 39% and 36%, with 
and without acupuncture, respectively (table I). 
All but one patient in each group underwent 
adenoidectomy in addition to tonsillectomy. 


COMMENT 


We were unable to demonstrate any antiemetic 
effect of P6 acupuncture in children undergoing 
tonsillectomy. There are several possible reasons 
for this. 

First, P6 acupuncture might be ineffective in 
children, although their description as “strong 
reactors”? would suggest otherwise [5]. Second, it 
may be ineffective for tonsillectomy; vomiting 
after tonsillectomy is likely to be multifactorial, 
related to pharyngeal stimulation, psychological 
factors, swallowing of blood and administration of 
opioid drugs. Third, a longer period of time might 
be required between the acupuncture and surgery, 
as better results have been achieved when acu- 
puncture was performed 1h before operation 
than immediately before induction [2]. 

It has been suggested that P6 acupuncture is 
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effective only when administered before the 
emetic stimulus [4]. However, Ho and colleagues 
found a significant reduction in postoperative 
vomiting when electroacupuncture was ad- 
ministered in the recovery room [3]. In another 
study, no antiemetic effect was demonstrated for 
acupuncture administered during general anaes- 
thesia [6]. It is thus possible that general an- 
aesthesia is the most important factor in reducing 
any antiemetic effect of acupuncture. This may be 
caused partly by a greater incidence of incorrect 
or inadequate needling, as the patients would be 
anaesthetized and thus unable to describe the 
sensation of heaviness or dullness (“Chi”) that 
often accompanies correct placement ([2, 3]. 
In addition, administration during anaesthesia 
would eliminate psychological factors, although 
“dummy” acupuncture has no antiemetic effect, 
suggesting that psychological factors are not 
important [2]. The effect of general anaesthesia on 
that of acupuncture is unclear, although an- 
aesthesia is more likely to depress than to enhance 
it [3]. 


In conclusion, P6 acupuncture administered 
after induction of anaesthesia is ineffective in 
reducing postoperative vomiting following 
paediatric tonsillectomy. Further studies are 
needed to determine the place of acupuncture in 
paediatric anaesthesia. However, we suspect that 
administration to the awake paediatric patient 
may prove unacceptable, especially to younger 
children and their parents. 
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DOSE REQUIREMENTS OF ATRACURIUM IN PAEDIATRIC 


INTENSIVE CARE PATIENTS 


O. T. KUSHIMO, M. J. DAROWSKI, P. MORRIS, S. HOLLIS 


AND G. MEAKIN 


SUMMARY 


The dosé requirements of atracurium were de- 
termined in 12 children who required an infusion 
of atracurium to facilitate mechanical ventilation 
in the intensive care unit. The mean duration of 
infusion was 98h (range 36-284h) during 
which an increasing dose requirement was 
observed in all patients. The mean infusion rate 
was 1.60 (SEM 0.08) mg kg h, and in seven 
patients a mean infusion rate of 1.72 (0.15) 
mg kg-' h! was observed at 72h. These rates 
are greater than those reported previously in 
adults. Cessation of neuromuscular block oc- 
curred promptly upon discontinuing the infusion. 
No side effects were observed which could be 
attributed to the infusion of atracurium. 


KEY WORDS 


Intensive care: paediatric. Neuromuscular relaxants: atra- 
curium. 


Prolonged infusions of atracurium are used widely 
to facilitate mechanical ventilation in the intensive 
care unit (ICU). In adults, Yate and co-workers 
found an increasing dose requirement within the 
first 72h of starting an atracurium infusion [1]. 
This study was designed to determine if a similar 
effect occurs in children. 


METHODS AND RESULTS 


After obtaining Ethics Committee approval, we 
studied 12 children with a mean age of 8 yr (range 
2-15 yr) and mean weight 22.6kg (range 
8.6-40.2 kg) who required administration of atra- 
curium to facilitate mechanical ventilation in the 
ICU. Atracurium was the only neuromuscular 
blocking agent used in the study and none of the 


patients was grossly under- or overhydrated. 
Background sedation was provided by i.v. 
infusion of midazolam 0.1-0.2 mgkg?h"}, 
supplemented with bolus doses of fentanyl 
1-2 pg kg h™ as necessary. 

An infusion of undiluted atracurium 10 mg 
mi~ was delivered into a central or peripheral 
vein from a 50-ml syringe via a Treonic IP3 
infusion pump (Vickers Medical). The infusion 
was connected to the i.v. cannula or catheter via a 
15-cm extension set with a three-way stopcock 
having a total capacity of 0.5ml (Viggo- 
Spectramed). The atracurium infusion was com- 
menced at a rate of 0.5 mg kg™! h™! and adjusted 
by the nursing staff of the ICU to provide good 
conditions for mechanical ventilation. In order to 
prevent gross overdosage with atracurium, neuro- 
muscular transmission was assessed at least every 
8 h using a peripheral nerve stimulator (Bard 750 
Digital). The assessment comprised tactile inspec- 
tion of the response of the adductor muscles of 
the thumb to train-of-four (TOF) stimulation of 
the ulnar nerve. The infusion was increased at the 
first sign of patient movement, but decreased if 
there was no response to TOF stimulation. Rates 
of infusion were recorded by the nursing staff on 
a specially designed chart. When the infusion was 
discontinued, time to full recovery of neuro- 
muscular function (four equal twitches to TOF 
stimulation) was noted. Results were expressed as 
mean (SEM). The statistical significance of the 
relationship between mean infusion rate and the 
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Fic. 1. Mean (sem) infusion rates (MIR) of atracurium at 
various times after commencing an infusion. 


duration of infusion was determined by repeated 
measures analysis of variance. Significant dif- 
ferences between means were determined using 
Student’s ¢ test. The null hypothesis was rejected 
when P < 0.05. 

The mean duration of infusion was 98 h (range 
36-284 h), during which an increased dose re- 
quirement was observed in all patients (P < 
0.001) (fig. 1). The average infusion rate was 1.60 
(0.08) mg kg-! h~! and in seven patients a mean 
infusion rate of 1.72 (0.15)mg kgh was 
observed at 72h. There was no significant 
correlation between the infusion rate and age, 
body temperature or blood pH. 

An investigator was available to record recovery 
details in seven patients. The mean time from the 
end of the infusion to full recovery of neuro- 
muscular transmission was 23.7 (3.1) min (range 
10-35 min). There were no deaths in the course of 
the study. No patient required antagonism of 
neuromuscular block and no side effects which 
could be attributed to atracurium were observed. 


COMMENT 


The finding of an increase in the dose of 
atracurium required by children during the first 
72h of an infusion agrees with earlier work in 
adults [1]. However, both the mean infusion rate 
for the study and the rate at 72 h were greater than 
those reported previously in adults (0.76 (0.05) 
mg kg™t h“! and 0.76 (0.06) mg kg! h! respect- 
ively (P < 0.001)) [1]. 
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The cause of the resistance to atracurium when 
given by prolonged infusion has been investigated 
in dogs by Chappel and colleagues [2]. These 
authors showed that prolonged immobilization 
produced by pentobarbitone anaesthesia resulted 
in a similar degree of resistance to atracurium as 
that produced by infusion of the drug itself. 
Hence, they concluded that immobility, rather 
than neuromuscular block, was the cause of the 
resistance. A similar effect has been reported after 
prolonged infusion of pancuronium [3]. 

Prolonged immobilization may produce res- 
istance to neuromuscular blocking drugs by 
allowing acetylcholine receptors to spread beyond 
the neuromuscular junction [4]. This appears to 
be a reversal of the normal developmental 
sequence, in which muscle activity is thought to 
be an important factor in reducing the number of 
extrajunctional receptors [5]. These extrajun- 
ctional receptors have binding properties for 
neuromuscular blocking drugs which differ little 
from those of junctional receptors. Thus, fol- 
lowing prolonged immobilization, it is likely that 
a significant proportion of a dose of a non- 
depolarizing neuromuscular blocking drug is 
bound at extrajunctional sites. 

The much greater infusion rates required by 
children in the present study compared with 
adults may be explained by differences in pharma- 
cokinetics and clinical methods. At a steady state, 
the amount of drug administered is equal to that 
eliminated, the product of clearance and the 
steady state plasma concentration. As the clear- 
ance of atracurium is 28% greater in children 
than in adults [6] this would be expected to result 
in greater rates of infusion. The greater infusion 
rates in children may also have resulted from the 
fact that they apparently required a greater degree 
of neuromuscular block to facilitate mechanical 
ventilation. Our patients usually required at least 
90% depression of the twitch response, while a 
typical adult required about 60% [1]. This 
difference would be expected to increase the 
infusion requirements of the children by approx- 
imately 75% [6]. 

Concern has been expressed about the possible 
toxic effects of laudanosine, a metabolite of 
atracurium which has a longer half-life than the 
parent compound, and which may therefore 
accumulate during prolonged atracurium admin- 
istration. In dogs, small blood concentrations 
have been shown to produce awakening, while 
greater concentrations (17 pg kg!) caused con- 
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vulsions [7]. While these effects were not observed 
in our patients, they could have been masked by 
either sedation or neuromuscular block. In view 
of the greater dose requirements of atracurium in 
paediatric intensive care patients compared with 
adults, further investigation would appear to be 
indicated to determine the plasma concentrations 
of laudanosine in these patients. 
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MANAGEMENT OF LABOUR AND DELIVERY IN PATIENTS 
WITH INTRACRANIAL NEOPLASMS 


S. R. FINFER 


SUMMARY 


The presence of an intracranial neoplasm (ICN) 
during pregnancy has serious implications for 
the anaesthetic management of labour and 
delivery. The physiological changes of pregnancy 
and labour are potentially hazardous to women 
with ICN, but the provision of adequate pain 
relief during labour reduces the risk to the mother. 
Extradural anaesthesia is the only technique that 
provides pain-free labour reliably, but it carries 
added risks. Three patients are reported who 
were managed with extradural anaesthesia: two 
delivered per vaginam and one by Caesarean 
section. None suffered any complication related 
to the anaesthetic technique. At present, there 
are no published data on the influence of 
anaesthetic management on outcome of labour 
and delivery in patients with ICN. Anaesthetists 
should report such cases so that the relative risks 
of different management strategies may be 
assessed. 


KEY WORDS 


Anaesthesia: obstetric. Pregnancy: complications, intra- 
cranial neoplasm. 


R CASE REPORTS 
Patient No. 1 


A 31-yr-old nulliparous woman was admitted 
to the delivery suite at 27 weeks gestation with 
painful regular contractions. A malignant mela- 
noma had been removed from her back 18 months 
previously. Investigation revealed the presence of 
secondary deposits in the liver and lungs. On the 
third day of her admission she suffered a grand 
mal seizure; CT-scan showed the presence of 
multiple intracranial deposits, with surrounding 
oedema. She was treated with cranial irradiation, 
dexamethasone and carbamazepine and was left 


with a mild hemiparesis but suffered no further 
seizures. At 29 weeks gestation she went into 
spontaneous labour. It had been decided that 
delivery should be by Caesarean section and the 
patient requested extradural anaesthesia. At this 
time, she had no symptoms or signs suggestive of 
increased intracranial pressure (ICP). An extra- 
dural catheter was inserted via the L3—4 interspace 
and anaesthesia was produced with 15 ml of 2% 
lignocaine with 1:200000 adrenaline. Systolic 
arterial pressure was maintained at 100- 
120 mm Hg with i.v. fluids and ephedrine. The 
patient was delivered of a live, healthy male 
infant. Immediate postoperative recovery was 
uneventful, but her condition deteriorated over 
the next few days and she died on the ninth day 
after operation. 


Patient No. 2 


A 28-yr-old nulliparous woman was admitted 
to the delivery suite for induction of labour. She 
was known to have a prolactin-secreting pituitary 
macroadenoma. 

Pregnancy had been complicated by headaches 
and symptoms of optic nerve compression which 
had responded to treatment with bromocriptine. 
The recurrence of headache led to her admission 
for induction of labour. At the instigation of her 
neurosurgeon, and after discussion with her 
obstetrician, it was decided that extradural an- 
algesia was indicated to reduce the risk of 
haemorrhage from the tumour during labour. She 
did not have symptoms or signs of increased ICP 
and her headaches were attributed to tumour 
expansion. An extradural catheter was introduced 
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via the L2-3 interspace and analgesia was pro- 
duced with 0.25 % plain bupivacaine 15 ml. After 
a single top-up of 0.5% plain bupivacaine 15 ml, 
she was delivered of a live female infant by 
forceps. The puerperium was uneventful. A CT- 
scan showed the tumour to have enlarged during 
pregnancy. Treatment with bromocriptine was 
continued whilst she awaited surgical removal of 
the tumour. 


Patient No. 3 


A search of the hospital records revealed 
another patient with an ICN who had delivered in 
the preceding 6 months. She was a 4l-yr-old 
multiparous woman who went into labour at 33 
weeks gestation. She was managed with extradural 
analgesia and delivered spontaneously per 
vaginam. Two days later, she complained of 
blurred vision and CT-scan showed a sphenoidal 
ridge meningioma, the presence of which was 
unknown at the time of insertion of the extradural 
catheter. 


DISCUSSION 


The prevalence of ICN in pregnancy is not 
known. A survey of the incidence of ICN in the 
U.S.A. estimated the incidence in women of 
child-bearing age as 3.4 per 100000 in the 
15-24 yr age group, increasing to 13.2 per 100000 
in the 35-44 yr age group [1]. The age-adjusted 
rates were greater for men than for women, 
but meningiomas and pituitary adenomas were 
commoner in women than in men. 

Few studies of the incidence of ICN in 
pregnancy have been published. In East 
Germany, ICN were the sixth most common 
tumour diagnosed in pregnancy [2] and the 
incidence of newly diagnosed primary malignant 
ICN in pregnant women was 3.6 per million live 
births [3]. A recent review of pregnancy-related 
primary brain and spinal tumours [4] concluded 
that the relative frequency of the different types of 
primary brain tumours is not altered by preg- 
nancy, but that the incidence of brain tumours 
that become symptomatic during pregnancy was 
lower than that in age-matched non-pregnant 
women. The most recent report into maternal 
deaths in England and Wales [5] included six 
deaths caused by ICN. 

During pregnancy and labour, profound 
physiological changes occur, some of which pose a 
significant threat to the patient with an ICN. Of 
the six deaths caused by ICN and reported in the 
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most recent report into maternal deaths in 
England and Wales, one death was classed as an 
indirect death—that is, “a death resulting from a 
pre-existing disease which is not due to direct 
obstetric causes but which is aggravated by the 
physiologic effects of pregnancy”. Despite the 
many case reports and reviews regarding ICN in 
pregnancy, the literature discussing the anaes- 
thetic management is limited to two brief case 
reports [6, 7]. As a result, anaesthetists faced with 
this problem have to base their management on 
theoretical knowledge of obstetric and neuro- 
surgical anaesthesia and of the effects of the 
physiological changes of pregnancy and labour on 
the cerebral circulation, ICP and the tumour. 

During pregnancy, blood volume increases by 
about 35%, cardiac output increases by 40-50 % 
and plasma osmolality and albumin concentra- 
tions decrease. These changes, combined with salt 
and water retention, may predispose to the 
formation of cerebral oedema. The constituents 
and pressure of cerebrospinal fluid are unaltered 
during normal pregnancy [8]. The symptoms of 
an ICN may worsen during pregnancy and 
improve during the puerperium [9-12]. In some 
women, the symptoms also worsen during the 
premenstrual week [11], supporting the hypoth- 
esis that fluid retention during pregnancy causes 
expansion of ICN and local oedema formation. 
One review of women with untreated pituitary 
tumours found that 60% remained asymptomatic 
throughout pregnancy, whilst 30 % required treat- 
ment for symptoms of tumour expansion [13]. In 
the case of pituitary tumours, the expansion may 
result from both fluid retention and the pituitary 
cellular hypertrophy that occurs during preg- 
nancy [14]. Despite the worsening of symptoms 
that may accompany pregnancy, the overall 
outcome is generally good. However, patients 
with malignant or infra-tentorial tumours are 
more likely to suffer serious morbidity as a result 
of the pregnancy [12]. 

During labour, ventilatory frequencies of up to 
70 b.p.m. and tidal volumes of up to 2.25 litre 
have been recorded [15]. Minute ventilation may 
reach 90 litre min“. Arterial partial pressure of 
carbon dioxide decreases progressively to an 
average of 3.3 kPa, and may be as little as 2.1 kPa 
during contractions [16]. In patients with an ICN, 
this may result theoretically in an inverse steal 
effect, with local oedema formation. Cardiac 
output increases during labour and may be as 
great as 10 litre min`; with each contraction, 


786 


systolic arterial pressure increases by 20- 
30 mm Hg and diastolic by 15-20 mm Hg [17, 18]. 
These fluctuations in arterial pressure may result 
in acute changes in cerebral blood flow (CBF) and 
ICP. During the first stage of labour, CSF 
pressure increases by up to 39 cm H,O with each 
contraction and during the second stage, bearing 
down causes an average increase in CSF pressure 
of 71 cm H,O [19]. Patients with an ICN may have 
reduced cerebral compliance and may suffer even 
greater increases in ICP. 

The acute physiological changes of labour 
summarized above are greatly diminished if 
labour is pain free. Hyperventilation and hypo- 
carbia are abolished and maternal oxygenation 
improves [20-22]. The increase in cardiac output 
that occurs during labour, and the increase in 
arterial pressure that accompanies contractions 
are reduced by about 50% [22]. Abolition of 
hyperventilation and the bearing down reflex 
prevents the increase in CSF pressure that 
accompanies painful contractions. [19]. 

Whether delivery is by Caesarean section or per 
vaginam is largely a decision for the obstetrician in 
charge of the patient’s care. However, anaesthetic 
management should be a factor in this decision. If 
delivery is to be per vaginam, the provision of pain 
free labour minimizes the acute physiological 
disturbances and reduces the risk of cerebral 
oedema formation and of intracranial haemor- 
rhage. Opioids and nitrous oxide should be 
avoided, as neither consistently provides pain free 
labour and both may increase CBF and cause 
patient disorientation. Extradural block is the 
only applicable technique that consistently pro- 
vides pain free labour, but its use in patients with 
ICN carries additional risks. Hypotension occurs 
in up to 6% of patients [23] and in order to 
maintain cerebral perfusion pressure this must be 
treated aggressively. In the presence of increased 
ICP, or reduced cerebral compliance, extradural 
injection may result in an increase in ICP [24]. 
The degree and duration of the increase is related 
to the volume of the injectate and the use of a very 
slow rate of injection has been recommended [25]. 
Women with active epilepsy may have an in- 
creased incidence of convulsions during labour if 
they receive extradural analgesia [26] and use of 
the technigue in a patient with an ICN who 
has sufferd í convulsion may carry the same 
increased risk. 

The most serious concern is the risk of dural 
puncture, as this may lead to acute neurological 
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deterioration [27]. Symptoms and signs of in- 
creased ICP must be sought actively, but their 
absence does not exclude the presence of increased 
ICP [27]. The risk of dural puncture depends on 
the experience of the operator, but in experienced 
hands it may be as low as 0.2% [28]. The risk of 
dural puncture is reduced by using the sacral 
approach, but is not abolished; however, caudal 
anaesthesia provides inadequate analgesia in 
10-20% of subjects, whereas in experienced 
hands the lumbar approach provides adequate 
analgesia in 98% [26]. Caudal anaesthesia also 
requires larger doses of local anaesthetic, which 
results in greater risk of maternal toxicity [29]. 

In some patients, management may be com- 
plicated further by the need for definitive treat- 
ment of the tumour. If surgery is planned in late 
pregnancy, the option of combining the neuro- 
surgical procedure with an elective Caesarean 
section may make general anaesthesia the an- 
aesthetic technique of choice. There are many 
reports of neurosurgical procedures during preg- 
nancy, both for ICN and for subarachnoid 
haemorrhage [30,31]. Standard neurosurgical 
anaesthetic techniques including induced hypo- 
tension [32] have been used without adverse effect 
on the fetus. 

The management of labour and delivery in a 
patient with an ICN is a complex problem. None 
of the management options is without risk and at 
present there are insufficient data in the literature 
to guide decision making. Patients should be 
assessed carefully and the symptoms and signs of 
increased ICP sought actively. Patients with a 
small tumour and no signs of increased ICP may 
reasonably be allowed to labour. Analgesia by 
lumbar extradural block has many advantages and 
should be considered. Whether these advantages 
justify the risk of dural puncture has to be judged 
in each individual patient. Bearing down and 
pushing should be avoided; a short second stage 
with forceps delivery is desirable. Failure to 
achieve adequate analgesia, or a deterioration in 
the patient’s neurological condition, may be 
considered indications to proceed to Caesarean 
section under general anaesthesia. In patients 
with a large tumour, signs of increased ICP or 
focal neurological signs, the balance of risks may 
favour elective Caesarean section under ‘“‘neuro- 
surgical’? general anaesthesia. Until the anaes- 
thetic management of such patients has been 
reported in greater numbers, the balance of risks 
remains a matter of conjecture. 
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NON-INVASIVE MEASUREMENT OF CARDIAC OUTPUT BY 
THORACIC ELECTRICAL BIOIMPEDANCE: A STUDY OF 
REPRODUCIBILITY AND COMPARISON WITH 


THERMODILUTION 


C. JEWKES, J. W. SEAR, F. VERHOEFF, D. J. SANDERS AND P. FOEX 


SUMMARY 


The performance and reproducibility of the 
BoMED NCCOMS3 thoracic electrical bio- 
impedance cardiograph (TEB) has been 
evaluated in volunteers and patients. In resting 
_supine volunteers, we determined the coefficient 
of variability over short time periods (30 min) 
and over several days, and examined the effects 
of differences in electrode type and electrode 
placement. The mean (range) intra-subject co- 
efficients of variation (CV) for thoracic fluid 
index (TFI) and stroke volume (SV) were 1.0% 
(0.4-1.8%) and 4.7% (2.1-8.5%), respectively 
over a 30-min period. The corresponding CV 
were 5.6% (2.3-10.9%) and 10.9% (6.1-14.8%) 
for measurements made at rest on four separate 
occasions. Use of different electrode types 
(RedDot and Medicotest) resulted in differences 
in TFI (P < 0.017), but not in mean values for SV 
or cardiac output (Ò); their use in individual 
subjects revealed differences of up to 20% in SV 
and Q. Alterations in electrode placement by 
5cm in the horizontal and diagonal planes 
produced no significant changes in TFI, SV or Ò; 
changes in the longitudinal plane produced a 
graded change. Increases of 5 cm and 10 cm in 
thoracic length produced mean increases in TFI 
of 9.8% and 39.8%, respectively, and mean 
decreases in Ò of 8.4% and 16.7% and SV of 
7.5% and 15.8%. TEB measurements of Ò and SV 
were compared with thermedilution. (TD) in 16 
intensive care patients. Mean (SEM) Q by TEB 
was 5.63 (1.10) litre min compared with TD 
4.38 (0.72) litre min” (P < 0.07). The correlation 
coefficient for È (r) was 0.72, producing the 
equation Ores = 0.835 x Òro + 1.13; that for SV 
was r = 0.83, SV reg = 1.009 x SV7p+ 6.84. Bias 


between the two methods revealed a mean 
difference of —0.86 litre min (95% confidence 
limits —2.6 to + 0.89) for Ò, and — 13 mi (—35.2 
to +9.2) for SV. Analysis of individual patient 
bias plots revealed two different trends. If the 
range of Q values was < 1.0 litre min, there 
was a variable bias of magnitude similar to that 
seen in the volunteer studies. If values of Ò had 
a range of > 1.0 litre min~', there tended towards 
a constant bias for that individual patient 
indicating that TEB is able to follow trends. 


KEY WORDS 


Measurement techniques: cardiac output, thoracic electrical 
bioimpedance. 


The technique of thoracic electrical biotimpedance 
(TEB) was introduced into clinical practice by 
Kubicek and colleagues [1] in 1966. Since then, 
several studies have reported comparisons of the 
method with various other techniques for 
measuring cardiac output (Q) [2-8]. These studies 
have reported different correlation coefficients, 
varying from good (r = 0.97 [4]), to poor (r = 0.41 
[8]). The original Kubicek formula for stroke 
volume (SV) was: 


SV = p(L?/Z,*).(dZ/dt)max.LVET) 


where p = resistivity of blood; L = distance be- 
tween the inner two electrodes; Z, = mean basal 
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thoracic impedance; dZ/dr = first derivative of 
impedance; LVET = left ventricular ejection 
time. 

A new impedance cardiograph, the BoOMED 
NCCOMS3 (Irvine, CA) has improved on several 
disadvantages of the original Minnesota 
Impedance Cardiograph. It has replaced the band 
electrodes with pairs of standard ECG electrodes, 
which improves patient acceptance. It also has an 
integrated computer using a new algorithm based 
on the Bernstein-Sramek formula [9] which 
allows on-line calculation of SV and Q. There 
have been several studies comparing the 
NCCOM3 with thermodilution (TD) [8, 10-13] 
and these have shown reasonable correlation 
coefficients. However, apart from incidental 
reports, there has been no evaluation of the 
variability and reproducibility of the NCCOM3, 
or study of the effects of different electrode types 
and positions. 


PATIENTS AND METHODS 
Variability 

This phase of the evaluation comprised four 
parts. In each part, normal volunteers were 
studied in the supine position at rest and record- 
ings made after a 20-min stabilization period. 
The BoMED NCCOM3 was used to measure 
cardiac output, stroke volume, heart rate (HR), 
and basal impedance (Z,) or thoracic fluid index 
(TFT). 

Two “sensing” electrode pairs were placed on 
the thorax at the level of the xiphisternum in the 
mid-axillary line and on the lateral aspect of the 
neck immediately above the clavicles. The other 
two pairs of the “current injecting” electrodes 
were placed 5 cm above the cervical and below the 
thoracic sensing electrodes. The current injecting 
electrodes deliver a 2.5-mA, 70-kHz, alternating 
current. The NCCOM3 calculates SV from the 
Bernstein-Sramek formula [9]: 


SV = VEPT x VET x (dZ/dimax)/Z, 


where VEPT is volume of electrically participating 
tissue (calculated as d[(0.17H)*]/4.25, where d is a 
scaling factor proportional to the ratio 
observed :ideal weight, H = height in cm), VET 
is the ventricular ejection time, dZ/dzmax is the 
rate of change of impedance during systole, and 
Z, (or TFI) is the basal thoracic impedance. The 
NCCOM3 was set to average 16 beats and all 
digital output were recorded on a Thinkjet Printer 
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(Hewlett-Packard). The analogue output from 
the NCCOM3 was recorded also on a chart 
recorder, to permit examination of the dZ/dr 
waveform. 

In the first group of subjects, the electrodes 
were placed in the position recommended by the 
manufacturer and a non-invasive arterial pressure 
cuff was applied to the upper arm. After the 20- 
min stabilization period, recordings were made of 
TFI, SV, Q, HR and systolic, diastolic and mean 
arterial pressures (Dinamap 845XT, Critikon) 
every 5min for 30min. For TEB data, three 
readings were averaged over the time taken to 
record the arterial pressure. Reproducibility for 
each subject was calculated as the coefficient of 
variability for each cardiovascular variable. 

In the second group of subjects, variability was 
studied over several days. The electrodes were 
placed in the manufacturer recommended 
positions, and after a 20-min stabilization period 
TFI, SV, Q and HR were recorded for 10 
readings. The subjects repeated this procedure on 
four occasions with an interval between tests of at 
least 12 h. 

In a third group of subjects, the effect of 
different electrode types was studied. The initial 
electrodes were Medicotest (Olstagkke, Den- 
mark), which were replaced by RedDot (3M, 
Canada) and TFI, SV, Q and HR re-recorded. 
Ten readings for each variable and for each 
electrode type were averaged and the reproduc- 
ibility was expressed as the coefficient of varia- 
bility. 

In a fourth group of subjects, the influence of 
alteration of electrode position was studied. 
Electrodes were placed initially in the recom- 
mended positions and moved sequentially by 5-cm 
increments in the frontal, sagittal and diagonal 
planes. TFI, SV and Q were recorded with each 
electrode configuration, and an average of six 
consecutive readings compared with those 
measured with electrodes in the recommended 
positions. 


Comparison of TEB with thermodilution 


The second part of the evaluation consisted of a 
comparison of simultaneous measurements of 
SV and Q by thoracic electrical bioimpedance 
(TEB) and thermodilution (TD) methods. Local 
Hospital Ethics Committee approval was 
obtained. 

The patients investigated were admitted to the 
Intensive Care Unit (ITU) and had pulmonary 
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artery (PA) catheters inserted and cardiac output 
measurements made for clinical indications. 
Patients were excluded if they were in septic 
shock, had severe arrhythmias, or were too 
unstable. Thermodilution measurements were 
made using ice cold saline 10 ml at end-expiration. 
Cardiac output was calculated using the standard 
commercially available American Edwards Car- 
diac Output Computer (COM-1). All measure- 
ments were taken as the average of three con- 
secutive readings, and the data used only if there 
was less than 10 % variation between the readings. 
Thoracic electrical bioimpedance (TEB) measure- 
ments were made using the BBMED NCCOM3 
as described earlier, with the electrodes placed in 
the recommended positions. TEB measurements 
were made as an average of 16 beats, and the 
readings were made simultaneously with the TD 
readings. Thus three TEB readings were averaged 
(giving 3x 16 = 48 beats) to correspond to one 
TD reading. 

Data were analysed to determine the correlation 
coefficient between the two methods by estimating 
SV and Q, and the presence of bias was assessed 
by the method described by Bland and Altman 
[14]. In addition, an assessment of the ability of 
TEB to follow haemodynamic trends was made 
by examining the bias plots for individual 
patients. 


Data handling. Data measured by the different 
techniques were compared using the correlation 
analysis and the Wilcoxon matched pairs signed 
ranks test; data recorded using different electrodes 
in the same subjects were compared using the sign 
test and Wilcoxon test. Data are presented as 
mean (SD) or mean (range), unless otherwise 
indicated. 

Statistical significance was assumed at P< 
0.05. 


RESULTS 


Volunteer Studies 

Individual variability 

Reproducibility during supine period at rest. 
Sixteen healthy volunteers (age 19-55 yr; weight 
51-81 kg) were studied. Resting heart rates 
CHR) and mean arterial pressures (MAP) varied 
between 51 and 88 beatmin= and 76 and 
104 mm Hg, respectively. 

The mean resting thoracic fluid indices (TFI) 
for all subjects was 26.2 (sp 0.26) Q. The range of 
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individual coefficients of variation (CV) for TFI 
was 0.4-1.8%. Resting mean stroke volumes (SV) 
and cardiac outputs (Q) varied between 66 and 
180 ml, and 4.7 and 10.5 litre min™!. The average 
coefficients of variation (calculated as the mean of 
the individual CV when determined from the 
seven sets of observations collected over the 
30-min study period) are shown in table I. There 
were no differences in the magnitude of the CV 
for any of the four haemodynamic variables. 


Reproducibility during supine period at rest on 
four different occasions. Nine male subjects (age 
28—42 yr; weight 60-87 kg) were studied at rest on 
four occasions to assess variability in TFI, HR, 
SV and Q with time. All measurements were 
made using Medicotest ECG electrodes. The 
average values for each subject, calculated from 
the mean of each of the four separate occasions, 
were calculated; each individual data set being the 
mean of 10 bioimpedance readings. The intra- 
individual average for TFI over the four occasions 
varied between 22.5 and 29.3 Q; the average CV 
was 5.6% (range 1.9-13.1%). 

The inter-day coefficients of variation for the 
other variables were: HR, average CV 7.5%, 
range of individual CV 4.6~-11.0% ; SV, average 
CV 10.9%, range 6.1-14.8%; Q, average CV 
8.7%, range 2.1-17.5%. 


Influence of electrode type on TFI and SV 


The influence of electrode type on TFI (and 
calculated SV) was assessed in 10 subjects on 44 
occasions; for each data set TFI and SV were the 
mean of 10 readings following a period of 20 min 
resting supine. 

There was a significant difference between 
values for TFI (mean values for TFI were 26.9 (sp 
2.4) Q and 25.3 (2.2) Q, respectively, for RedDot 
and Medicotest electrodes (P < 0.001)); the mean 


TABLE I. Mean values for each haemodynamic variable, 

average coefficient of variation (CV) and range of GV for all 

16 subjects studied on a single occasion over a 30-min period at 

rest. MAP = Mean arterial pressure (calculated as systolic 

pressure+2 diastolic pressure/3); HR = heart rate; SV = 
stroke volume; Q = cardiac output 


Mean CV(%) Range of CV (%) 


MAP (mm Hg) 88.5 3.4 2.2-7.0 
HR (beat min-4) 65 4.8 2.7-9.7 
SV (ml) 110 4.7 2.1-8.5 
Q (litre min) 7.0 5.1 2.6-9.7 
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Cardiac output 
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Fic. 1. Effect of alteration in electrode position in six subjects. 

Mean (sp) % change in TFI, SV and Q compared with values 

obtained with the electrodes in the “manufacturer recom- 

mended” position. MJ = 5-cm increase; O = 10-cm increase 

of the effective thoracic length. *P < 0.05 compared with the 
recommended position. 


Difference (litre min7!) 





CO (litre min`) 


Fic. 2. Bias plot of all data points from the 16 intensive care 
unit patients. Average value of thermodilution and thoracic 
electrical bioimpedance cardiac output (CO) vs difference 
(thermodilution minus thoracic electrical impedance). Limits 
shown are the mean difference and the 95 % confidence limits. 


values for stroke volume were 125.0 (32.1) ml and 
128.9 (34.1) ml, respectively (ns). The mean 
difference between electrode types for TFI (the 
fundamental parameter) was 1.64 (1.93)2 


(RedDot minus Medicotest); the range of 
differences was —2.0 to 4.5Q. This resulted in a 
mean difference for SV of 4.0m] (range of 
differences —39 to 38 ml). 


Influence of electrode position 

In six volunteers (age 20-42 yr; weight 54- 
78 kg), the influence of changing the position 
of the sensing and current injecting electrodes was 
studied (fig. 1). Alterations in electrode position 
in either the diagonal or frontal planes resulted in 
less than 5% changes in TFI and SV. Likewise, 
changes of electrode position such that the 
effective inter-electrode position was increased by 
5 cm by movement of the cervical electrodes also 
resulted in less than 5% changes in TFI and SV. 

When the inter-electrode distance was in- 
creased by 5cm by movement of the thoracic 
electrodes, there was a mean increase in TFI of 
9.8% (P < 0.05), and decrease in SV of 7.5% (ns). 
These changes were of the same magnitude as 
those of the coefficients of variation found in the 
first group of subjects studied. However, when 
the inter-electrode distance was increased by 
10 cm, there was a mean increase in TFI of 39.8% 
(P < 0.05) and mean decreases in SV of 15.8% 
(P < 0.05). 


Patient Studies 
Comparison of bioimpedance with thermodilution 

Sixteen patients in the ICU were studied during 
controlled ventilation after aortic surgery, after 
abdominal surgery or for acute respiratory failure. 
No patient had clinical signs of systemic sepsis. 
The data collected provided 160 simultaneous 
measurements of cardiac output (Q) and stroke 
volume (SV). , 

The mean (SEM) Q by bioimpedance was 5.63 
(1.10) litre min™!, compared with a mean of 4.38 
(0.72) litre min“! for thermodilution. The cor- 
relation of the two methods for cardiac output 
yielded the equation QOrgn = 0.853 x Ory + 1.13 
and a correlation coefficient r = 0.72 (P < 0.001). 
The mean (SEM) SV by bioimpedance was 68.8 
(18.9) ml compared with a mean of 55.8 (16.3) ml 
measured by thermodilution. The corresponding 
equation for stroke volume was SVr = 
1.009 x SV, + 6.84, with a correlation coefficient 
r = 0.83 (P < 0.001). However, the correlation 
coefficient describes only the association of one 
method with another; not the agreement of the 
results. Therefore the difference between 
measurements (TD minus TEB) was plotted 


Difference (litre min“) 
= N 


o 


i 
= 


-2 ad 


4.5 ‘ 55 6.5 
CO (litre min71) 


Fic. 3. Individual bias plots for two representative patients. 

A: Constant bias found in most patients; B: variable bias as a 

result of the intrinsic variability found in a given individual for 

repeated determinations of a constant cardiac output. CO = 

cardiac output (average value of thermodilution and thoracic 

electrical bioimpedence) ; Difference = (thermodilution minus 
thoracic electrical impedance). 


7.5 


against the corresponding means of the two 
methods [(TD + TEB)/2] together with the 95 % 
confidence limits (fig. 2). The mean difference for 
cardiac output was — 0.86 (—2.6 to +0.89) litre 
min™ and that for stroke volume — 13 (—35.2 to 
+9.2) mi. 

Figures 3A and B show individual bias plots 
representative of two different groups of patients, 
Most patients showed a constant bias for both Ò 
and SV (fig. 3a). Here the patient has a bias of 
—0.15 litre min™ over a range of Q values between 
5.7 and 7.4 litre min-!. However, in a few patients 
there was an apparent variable bias (fig. 3B). In 
these patients, the range over which cardiac 
output measurements have been recorded was 
narrow. 

DISCUSSION 


The major advantage of the thoracic electrical 
bioimpedance (TEB) method for measuring car- 
diac output (Q) and stroke volume (SV) is the ease 
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with which it can be learnt and applied by the 
clinician. The NCCOM3 also has the advantage 
of on-line analysis and the provision of beat- 
to-beat information. 

Our results showed that for normal subjects the 
variability of TEB measurement of Q and SV was 
of the same magnitude as for other cardiovascular 
variables (e.g. HR and MAP). Similar estimates 
for variability have been reported by Veigl and 
Judy using the earlier Minnesota Impedance 
Cardiograph [15] and Wong and colleagues [16]. 
Dye dilution and thermodilution methods of 
measuring cardiac output give comparable 
estimates of variability: Fischer and colleagues 
[17] reported a variability of 7% for Q measured 
by dye dilution and while Sleeper and colleagues 
[18] showed a variability of 6% for dye dilution if 
the same arterial site was used for sampling, but a 
variability of 20% if different arteries were used 
for sampling. The variability of thermodilution 
depends on several factors, including volume and 
temperature of injectate and relationship to the 
ventilatory cycle. Stevens and colleagues [19] 
reported a coefficient of variation of 4% for 
thermodilution measurements when they were 
timed to peak inspiration.or end-expiration; but 
10% if the injections were made randomly 
throughout the ventilatory cycle. Runciman, 
Usley and Roberts [20], in a detailed examination 
of the factors affecting variability of thermo- 
dilution, concluded that, despite attention to 
detail, a 10% variability in cardiac output 
measurement existed when compared with dye 
dilution techniques. Stetz and colleagues [21] 
investigated the reproducibility of commercially 
available thermodilution devices, and concluded 
that there must be a minimum difference of 
12-15 % between triplicate determinations of Q to 
suggest a change of clinical significance. Our 
coefficients of variation were 4.7% for SV and 
5.1% for Q over a single 30-min study period. 

Inter-day variability was greater. This reflects, 
in part, normal physiological variations for which 
it is virtually impossible to standardize (e.g. 
factors such as the time of day, relationship to 
ingestion of food and emotional state affect basal 
or resting cardiac output). Coefficients of variation 
for SV and QO of 10.2% and 8.5%, respectively, 
again compare well with those reported by Veigl 
and Judy [15]. 

One of the main sources of observer error of the 
TEB method relates to the placement of the 
electrodes and the electrode type. Alteration of 
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electrode type in normal healthy volunteers gave 
changes of 19%, 22% and 19 %, respectively, for 
TFI, SV and Q. One explanation may be that 
different electrode types change the skin- 
electrode interface which would, in turn, affect 
the dynamic component of the impedance signal. 

Any alteration in electrode position should alter 
Z, as this is proportional to L—the length of the 
volume conductor through which the impedance 
changes are measured. The NCCOM3 uses the 
Bernstein—Sramek formula [9], where SV is 
proportional to VEPT, and inversely proportional 
to Zə VEPT is proportional to H? which is 
proportional to L°’. Therefore SV and Q are 
proportional to L*. If the normal inter-electrode 
distance is assumed to be 30 cm, an increase in the 
distance by 5 cm should increase SV (and hence 
Q) by 26%, and an increase of 10cm should 
result in an increase in SV of 40%. These are 
much larger than the changes of 8% and 16% we 
recorded with changes in electrode position. This 
is caused by the internal algorithm in the 
NCCOM3 [9] which includes the factor d—a 
correction factor for changes in the body habitus 
from ideal. The magnitude of dZ/dtmax is 
dependent also upon the sensing electrode dis- 
tance and the value of Z, (9, 22, 23]. 

Other studies have compared the TEB method 
for determining Q and SV with TD [6, 8, 10-13, 
24), dye dilution [3, 4], the direct Fick method [7, 
25], the indirect Fick (carbon dioxide rebreathing) 
method [26] and Doppler ultrasound [8, 13, 25, 
27}. There has been wide variation in the reported 
correlation coefficients for TEB against TD— 
from 0.41 [28] to 0.93 [6]. These differences can be 
attributed, in part, to the different populations 
studied. 

Another factor contributing to the variation in 
correlation coefficients is the different reference 
techniques used for comparison. These all have 
their own variability and sources of inaccuracy 
{17, 19-21]. Even the direct Fick method has been 
shown to have a variability of around 8% [29]. 
These sources of variability and inaccuracies are 
not necessarily the same as those of the technique 
being investigated and thus, in comparisons, 
differences may be compounded. None of the 
reference techniques is therefore a true “gold 
standard”, while the correlation coefficient re- 
flects only a measure of association between two 
methods, not agreement. 

A more relevant way to assess agreement is to 
construct a bias plot examining the variability 
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between the two methods over the whole range of 
results [14]. Our data show a variable bias for Q, 
with 95 % confidence limits of —2.6 to +0.89 litre 
min`!, This is a larger range than that reported by 
Northridge and colleagues [27] for spontaneously 
breathing patients after infarction, but similar to 
the values of Wong and colleagues [8] and Siegel 
and colleagues [13]. 

Wong noted the best agreement between bio- 
impedance and thermal dilution in patients who 
had not undergone aortic or open heart surgery 
[18]. In these patients, errors may occur because 
of intrathoracic fluid shifts, aortic manipulation or 
changes in PCV. Wong also noted that mechanical 
ventilation (as in all of our patients) had no effect 
on the agreement between the measurement 
techniques. In comparison with the study by 
Northridge and colleagues [27], the greater varia- 
bility in our study reflects the larger number of 
comparisons (160 vs 25 data points) and a greater 
range of cardiac output (Q) values (2.6-8.5 litre 
min`“! compared with 1.1-6.2 litre min™). 

Our results suggest that TEB overestimates at 
low and underestimates at high values of cardiac 
output, despite the NCCOM3 having an internal 
algorithm which is designed to compensate for 
these changes in dZ/dtmax at low cardiac outputs. 
An explanation for this phenomenon may be the 
alteration in distribution of blood flow in the 
thorax at low and high cardiac outputs, which in 
turn may lead to alterations in the relative 
contributions of the various impedance changes 
making up the global impedance change measured 
by the NCCOM3 [9]. These discrepancies be- 
tween the two methods for cardiac output 
measurement may further lie in the different 
physical principles utilized by the techniques; 
and hence a good correlation under one set of 
physiological circumstances (e.g. IPPV) may 
not be seen under another (e.g. spontaneous 
ventilation). 
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PRESSURE SUPPORT VENTILATION USING A NEW 
TRACHEAL GAS INJECTION TUBE 


L. BEYDON, D. ISABEY, G. BOUSSIGNAC, F. BONNET, 


P. DUVALDESTIN AND A. HARF 


SUMMARY 


In order to explore new types of jet ventilation, 
we tested a tracheal gas injection tube (TGIT) 
Which included six thin capillaries and provided 
high pressure injection. The driving pressure was 
chosen to yield a plateau of inspiratory tracheal 
pressure of 10cm#H,0. An original controller 
was built to monitor spirometry and trigger 
injection in order to deliver both pressure con- 
trolled ventilation (PCV;¢,) and a new mode of 
inspiratory pressure support jet ventilation 
(IPSyer7). The PVC 76,7 mode maintained the same 
end-tidal carbon dioxide concentration as con- 
ventional ventilation with the same tidal and 
minute ventilation. We studied 10 patients after 
abdominal surgery. During spontaneous breath- 
ing, the patients were allowed to breathe through 
the tube, successively with and without IPS roir. 
IPSyer compared with spontaneous breathing 
increased minute ventilation (from 5.7 (sp 1.6) 
to 7.1 (1.7) litre min) (P < 0.007). It reduced 
the total work of breathing (from 0.625 (0.223) 
to 0.263 (0.151) J litre, respectively) (P < 
0.01) and the occlusion pressure (from 2.62 
(1.28) to 1.36 (0.74) cm H,O, respectively) 
{P < 0.01). It is concluded that this TGIT used 
with a specific system for sensing and triggering 
ventilation allows inspiratory pressure support 
during low frequency jet ventilation. 


KEY WORDS 


Equipment: tracheal gas injection tube. Ventilation: jet 
ventilation. 


Mechanical ventilation is often required in the 
period after major surgery. Residual effects of 
anaesthesia [1], abdominal pain [2] and diaphrag- 
matic dysfunction [3] may contribute to depressed 
ventilation after operation and impair spon- 


taneous breathing. To overcome these problems, 
conventional artificial ventilation may be used 
after operation, followed by an assisted mode such 
as inspiratory pressure support (IPS), which is a 
pressure limited mode. IPS is provided by 
ventilators, using sophisticated servo control 
techniques. We described a new tracheal gas 
injection tube (TGIT) which was able to produce 
high velocity jets at its distal tip and consequently 
to generate positive pressure by air momentum 
transfer down to the injection site [4,5]. This 
system was used successfully for apnoeic ven- 
tilation during cardiopulmonary resuscitation in 
animals [6], and man [7] and to prevent oxygen 
desaturation during apnoeic periods in patients 
undergoing mechanical ventilation [8]. We have 
also developed a new electronic system which may 
be coupled to the TGIT to produce either 
pressure controlled ventilation (PCV rer) or in- 
spiratory pressure support (IPSygr). The aim of 
this study was to examine high flow jet ventilation 
in both controlled and spontaneous ventilation. 


PATIENTS AND METHODS 


Patients and anaesthesia 


We studied 10 patients (five males) (mean age 
61 (sD 11) yr; weight 65 (6) kg; height 167 (7) cm; 
non-smokers; ASA I or II) in the recovery room 
after abdominal surgery. Surgery was performed 
under general anaesthesia with fentanyl 3 ug kg", 
flunitrazepam 0.03 mg kg?! and vecuronium 0.1 
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Fic. 1. System used with the TGIT. A pneumotachograph 
measured the flow (V) passing through the lumen of the 
TGIT. The flow signal was adapted by an analog system 
(Processor) to trigger injection via electronic valves (1, 2). The 
system also included unidirectional valves on both branches of 
the Y-piece (3), a pneumatic valve with solenoid for occlusion 
pressure measurement (4), a rubber reservoir bag (5), a 
humidifier (6) and an air-oxygen mixer and pressure regulator 
(7). Tracheal pressure (Paw) was measured by a catheter inside 
the trachea and oesophageal pressure (Poe) via a balloon 
tipped catheter. 


mg kg“ for induction and tracheal intubation. 
Anaesthesia was maintained with 70% nitrous 
oxide in oxygen and administration of increments 
of the same drugs. Patients’ lungs were ventilated 
perioperatively by a volume cycled ventilator 
(Draeger, SA.) in a conventional mode. 


Material and signal processing 
The system we used comprised the following 
components (fig. 1): 


Compressed gas source 





Entralned air «s=.» 
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A TGIT (fig. 2) (Porgès laboratories, Le Plessis 
Robinson, France) of 8mm id. with a low 
pressure cuff. In its wall, six thin capillaries 
(diameter: 720 um) are moulded by extrusion. 
These are distributed evenly around the cir- 
cumference and emerge on the internal aspect of 
the TGIT, 1cm before its distal tip. These 
capillaries are connected to an adjustable high 
pressure air—oxygen source (driving pressure 0-3 
bar) to produce high velocity gas injection at the 
TGIT distal end, as described previously [8]. The 
performances of the TGIT were tested in our 
laboratory before the clinical study. The re- 
lationship between the driving pressure and the 
flow of the injectors was found to be constant for 
all TGIT. The pressure generated by the TGIT 
in the trachea (measured at the carinal level) 
ranged between 0 and 27 cm H,O according to the 
driving pressure used (0-3.5 bar). For instance, a 
driving pressure of 1.2 bar caused a flow of 
350 mls“! through the injectors and this 
generated a pressure of 10 cm H,O in the trachea. 

An inspiratory line with an air-oxygen mixer, a 
pressure regulator, a cascade humidifier (Fisher- 
Paykell, MR 428, New Zealand), a 3-litre rubber 
reservoir which served as a mixing chamber to 
allow a constant Fio,, and a unidirectional valve. 
From the air~oxygen mixer a line supplied high 
pressure gas to the capillaries of the TGIT via a 
solenoid valve (opening—closing delay: 11 ms). An 
occluding pneumatic valve was used to measure 
the occlusion pressure 0.1 s after the beginning of 
inspiration (P, ,) [9]. This valve comprised a latex 
balloon mounted inside a short, 22-mm diameter 
tube placed in the inspiratory line. This balloon 


<r, 


injection 


Fic, 2. The tracheal gas injection tube (TGIT). 
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Exp. 








Vent 






Vent +/Vjet 


Fic. 3. Flow regimen during ventilation by the TGIT. Top: 
The flow of the jets (Vjet) and that measured at the airway 
opening (Vent) are displayed against time. The different 
phases of the breathing cycle are: (1) onset of spontaneous 
inspiration when Vent increases until the injection (2) is 
triggered, resulting in a constant flow (Vjet) produced by the 
injectors (3). During the injection phase (3) Vent becomes 
negative resulting from opening of Vjet to atmosphere via the 
TGIT. When injection stops (4) at the onset of expiration, the 
flow recorded by the pneumotachograph is measured by Vent. 
Bottom: The true flow signal corresponds to the algebraic sum 
of that measured at the airway opening (Vent) and the constant 
flow of the jets (Vjet) represented by a calibrated electronic 
signal. During expiration, the flow of the jets is nil and VPt 
equals Vent. 


was linked to a 0.5-bar pressure source via a three- 
way electric solenoid valve. The valve was oper- 
ated by the servo controller. Occlusion was 
triggered by pressing an occlusion button to 
inflate automatically the balloon located on the 
inspiratory limb, during the next expiration. The 
controller kept the valve inflated during the first 
100 ms of the following inspiration. 

The expiratory line included a unidirectional 
valve. 

An analog controller was used to measure the 
gas volumes and to trigger injection in the TGIT, 
via the solenoid valve, in the mode specific for 
each of the two ventilation methods tested 
(PCVyerr Or IPSrerr). Measurement of gas 
volumes necessitated signal processing. Indeed, 
during injection (inspiration) the flow received by 
the patient (VPt) corresponded to the algebraic 
sum of the flow of the jets (Vjet), which is 
constant throughout inspiration, and that of 
entrained gas (Vent) (fig. 3) [10-12]. Therefore, 
during injection, we measured Vent at the TGIT 
proximal opening (Fleish No. 1 pneumotacho- 
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graph Lausanne, Switzerland, and Validyne 
MP 45, +2.5 cm H,O, Northridge, California) 
and added to this signal a constant voltage 
representing Vjet in order to obtain VPt. Tidal 
volume was obtained by integration of VPt 
(Gould, ES1000). In contrast, expiration was 
passive and Vjet nil. At this time, VPt corre- 
sponded to the flow measured by the pneumo- 
tachograph. The accuracy of the tidal volume 
reconstruction from Vjet and Vent had been 
assessed previously. Error did not exceed +1.5%. 

In PCV ror the controller triggered injection 
according to the ventilatory frequency rate and 
inspiratory time selected, by means of an internal 
clock controlling the injection solenoid valve. 
Expiration was passive and started from the end 
of injection. 

IPStor required spontaneous breathing. In 
this case, injection was started after the onset of 
inspiration—that is, when VPt_ exceeded 
100 ml s71, and stopped when it decreased to less 
than 25% of its peak inspiratory value (fig. 4). 
The controller monitored tidal volume (inte- 
gration of VPt) in the same way as in PCV. In 
both modes, expiration occurred freely and tra- 
cheal pressure (Paw) returned to atmospheric 
before injection resumed at the next breath. No 
self-cycling was observed during the triggering of 
IPSyorz- 

The mixing of the jets in the trachea has been 
studied previously on a tracheal model and 
appeared to be complete within the first 2 cm 
distal to the TGIT tip. Hence, in order to measure 
Paw in conditions unaffected by injection, it was 
measured via a 1-mm i.d. catheter inserted down 
the trachea, 5 cm below the TGIT tip, which was 
connected to a pressure transducer (Validyne 
MP 45, +30cmH,O). Oesophageal pressure 
(Poe) was measured using a balloon catheter and a 
transducer (Validyne MP 45, +30 cm H,O). The 
position of the oesophageal catheter was checked 
by an occlusion test [13]. Respiratory gas was 
sampled continuously (150 ml min“) at the Y- 
piece for end-tidal (PE co,) measurement (Gould, 
Mark IV). All signals were recorded on an eight- 
channel paper chart recorder (Gould, ES1000) at 
25 mm s~} during each set and at 200mms"! 
during measurement of Py. 


Procedure 

The experimental study was conducted in the 
recovery room during the early postoperative 
period. Informed consent was obtained from all 


Inspiration 





Viet + | 
a 


Time 


Expiration 


Fic. 4. Comparison between VPt with and without (spon- 
taneous breathing) (@) IPSygir- Vjet induces a brisk increase 
of inspiratory flow (a to b). It ceases when VPt is 25% (d) of 
its peak inspiratory value (c). Expiratory flow is greater in 
TPSyoarr because of a larger volume of the breath. 


patients and the study was approved by the local 
Ethics Committee. It comprised two parts. 
Controlled mode ventilation. The first part was 
performed before the return of spontaneous 
breathing. First the patient received controlled 
mode ventilation (CMV) and a CPU, ventilator 
(Ohmeda, France) with standard settings, during 
a resting period of 30 min. Then the patient was 
allocated randomly to one 15-min period of CMV 
on the CPU, ventilator and to one period of 
PCV ror generated by gas injection in the TGIT 
with the patient’s lungs disconnected from the 
ventilator. The settings chosen for the two 
modes were identical (VT = 8 ml kg“, ventilatory 
frequency 14b.p.m., TI/TT =33%, no PEEP, 
‘Fig, = 0.40). Therefore, VT in PCVygry was 
controlled by adjusting the driving pressure. At 
the end of each period and after steady state was 
achieved, Paw, VPt, VT and Pk’co, signals were 
recorded and averaged over 3 min. All patients 
underwent ventilation passively at the selected 
settings without spontaneous ventilation whilst 
still under the influence of residual anaesthesia. 
Inspiratory pressure support. The second part of 
the study was initiated when spontaneous breath- 
ing resumed. Then 15-min periods of spontaneous 
breathing and IPS y¢;7 were allowed at random, 
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using the TGIT without a conventional ven- 
tilator. The IPS pressure was set to reach a 
plateau of 10 cm H,O by adjusting the driving 
pressure. At the end of each period the flow, 
pressure and carbon dioxide signals were re- 
corded. They were averaged over 3 min in steady 
state conditions in order to obtain: ventilatory 
frequency (f), VPt, VT, Paw, Poe and Prco, 
Five occlusion tests were performed and averaged 
to assess P,,. From these signals, minute ex- 
piratory volume (VE) was computed as the 
product of f and VT and PEk’¢o, was calculated 
from the carbon dioxide trace. The work of 
breathing was computed automatically (Apple 
IIe) as described previously [14], using Poe and 
VPt signals to calculate the corresponding work 
(Woe). 


Statistical analysts 


Results are expressed as mean (sD). Com- 
parisons between mean values of each mode of 
ventilation were performed using paired t tests 
[15]. 


RESULTS 


In the first part of the study, when the tracheal gas 
injection tube was used in PCVygrr mode, it 
appeared to be as efficient as a conventional 
ventilator. Indeed, using the same ventilatory 
settings, the alveolar ventilation achieved was 
identical in the two modes, as assessed by equal 
values of PE’co, (4.48 (0.77) kPa compared with 
4.64 (0.77)kPa (ns)). In contrast, the peak 
pressures differed slightly between PCV yo; and 
CMV (11.7 (6.0) cm H,O and 14.1 (7.0) cm H,O, 
respectively), but this was not statistically 
significant. This difference in peak pressures 
could be caused by differences in flow profile 
which would cause different pressure changes 
across the respiratory resistance. 


TABLE I. Lung volumes and PE’ co in spontaneous breathing 


f T1/Tr Tr T 
(b.p.m.) (%) (s) (s) 

Without IPS,o:7 
ean 14 33 14 3.2 
sD 5 9 02 13 

With IPS iarr 

Mean 13 29 13 35 
sD 4 9 02 15 
P n8 ns nss ns 


Vr Ve Prco, Paw 
(ml) (litre min`?) (kPa) = (cm H,O) 
442 5.7 5.65 —4.9 
188 1.6 0.72 2.4 
557 TA 4.88 9.7 
181 1.7 0.68 1.4 
< 0.01 < 0.001 < 0.05 < 0.001 
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TABLE II. Occlusion pressure and work of breathing 





Pox Woe 
(am H,O) J litre“) 
Without IPSrarr 
Mean 2.62 0.625 
sD 1.28 0.223 
With IPStorr 
Mean 1.36 0.263 
sD 0.74 0.151 
P < 0.01 <0.01 


In the second part of the study, the 10 cm H,O 
IPSrorr delivered by our TGIT gas injector 
increased ventilation in all patients in comparison 
with spontaneous breathing, as assessed by a 26% 
increase in Vr and a 14% decrease in PE’co, 
(table I). IPSyar caused a reduction of the work 
of breathing as reflected by a 58% decrease in 
Woe which represents the total work of breathing 
performed by the patient, and Py., was reduced by 
48% during IPSzorr compared with spontaneous 
breathing (table IT). 


DISCUSSION 


We have described previously the theoretical 
principles of this new TGIT, based on the 
properties of turbulent jets in a confined tube [7]. 
From these studies it appeared that airway 
pressurization could be used efficiently in cardiac 
resuscitation [8] or to prevent hypoxaemia during 
tracheal aspiration in ARDS [9]. The present 
study was designed to test if the use of this 
technology could be extended to mechanical 
‘ventilation by taking advantage of the versatility 
of the TGIT as a pressure generator. The major 
advantages we expected of the TGIT compared 
with.a conventional ventilator were absence of a 
demand valve which increases the work of breath- 
ing during early inspiration [16], the triggering 
function (based on detection of inspiration by the 
inspiratory flow at the TGIT proximal opening) 
appears to be more sensitive than inspiratory 
pressure [17, 18], and as gas injection is performed 
at the distal tip of the TGIT, it should become 
possible to suppress the component of inspiratory 
work caused by tube resistance [16]. 

In order to operate this new tracheal tube we 
had to develop a new control system to trigger 
injection and infer spirometry from Vent. This 
was made possible by taking advantage of the 
constant inspiratory flow delivered by the injec- 
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tors. This system appeared to work well and 
represents the key point of this study. It detected 
inspiration without self-cycling phenomena. 

From the first part of this study, it appeared 
that efficient controlled ventilation was possible 
with the TGIT gas injector. The same PE'co, was 
achieved with the same tidal volume and minute 
ventilation in PCV and CMV, despite different 
flow patterns (constant in CMV and decelerating 
in IPSz¢rr), indicating that both modes of ven- 
tilation provided similar alveolar ventilation. 
Therefore we postulate that the gradient between 
Paco, and PE’co, was stable. This is true if the 
distribution of ventilation and perfusion was 
constant. Because the volumes insufHlated were 
the same, we believe that perfusion did not change 
markedly between modes. Also, diffusion with jet 
ventilation [19-21] and deadspace are likely to be 
similar with both modes. 

There are two reasons to explain the absence of 
significant changes between PCV raor and CMV. 
First, in a laboratory study of the TGIT, Isabey 
and colleagues [5] showed that mixing from the 
jets was almost instantaneous—that is, it occurred 
in the first 2 cm distal to the TGIT tip. This fast 
mixing probably results from the lateral and 
circular position of the injectors, which differs 
from the coaxial or lateral injection sites used 
commonly in high frequency jet ventilation. 
Second, the low frequency of ventilation used in 
this study was much less than the frequency 
ranges at which increased diffusion phenomena 
have been described. 

In the second part of our study, our patients 
showed the usual breathing pattern seen during 
early recovery from general anaesthesia and 
several patients had slightly depressed ventilation 
during spontaneous breathing, mainly because of 
reduced Vt. The use of IPSy6;, increased ven- 
tilation by reducing PE’go, and the work of 
breathing, similar to conventional pressure sup- 
port. Indeed, the total work of breathing (Woe) 
was reduced markedly. The unloading effect of 
IP Sparr Was accompanied by a reduction in central 
respiratory output as assessed by the reduction in 
Py... This adaptation of central respiratory drive 
by positive pressure unloading is consistent with 
the results of Poon, Ward and Whipp [22], who 
studied IPS during exercise in healthy volunteers. 

In both modes, the system was tolerated well, as 
attested by absence of cough or tracheal irritation 
caused by the jets. The type of injection used was 
distal, in six capillaries. This differs from some 
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standard jet ventilation tubes which comprise a 
single large bore distal injection lumen. There- 
fore, the energy of each jet in our TGIT and the 
potential risk of tracheal damage may be less than 
that of a single distal jet. 

We humidified only entrained gas, which 
represents a small proportion of the net in- 
spiratory tidal volume. Therefore, the gas from 
the injectors should also be humidified if the 
TGIT is used for prolonged ventilation. 

As with conventional jet ventilation, obstruc- 
tion of the lumen of the tube may lead to 
barotrauma if injection is not controlled by a 
pressure alarm system. In our study, this was 
controlled manually by observing continuously 
the airway pressure trace. Our prototype has been 
developed further and includes a system which 
monitors Paw continuously via an additional 
capillary which has been moulded in the wall of 
the tube. Injection ceases if Paw overshoots or 
does not change during inspiration (implying that 
either the main lumen of the tube or the pressure 
capillary is obstructed). 
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CORRESPONDENCE 


VENOUS SEQUELAE AFTER I.V. DICLOFENAC 


Sir,—I read the article “Venous sequelae following i.v. 
administration of diclofenac” in the British Journal of 
Anaesthesia [1]. As a further attempt to prevent thrombosis, 
diclofenac 75 mg was diluted in 100-200 ml of parenteral fluid 
which remained in the infusion bottle during surgery, end was 
administered over 15-20 min in 25 patients via a 22-gauge 
cannula on the dorsum of the hand other than that used for 
infusions. 

Surprisingly, there was no local venous thrombosis in any of 
the patients on observation until 72 h. Although the number of 
patients studied was very small, it may be beneficial to infuse 
the drug where the i.v. route is chosen. 


R. GOPINATH 
Hyderabad 
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Sir,—Thank you for giving us the opportunity to reply to Dr 
Gopinath’s letter regarding the use of i.v. diclofenac. His 
findings would indicate that further dilution of diclofenac may 
further reduce the incidence of venous thrombosis (his dilution 
is 5-10 fold that which we used). 

He does not state which preparation of diclofenac was used, 
but I presume it was the i.m. preparation identical to that used 
in our study (diclofenac 75 mg in 3 ml). 

Although we have found diclofenac valuable in the man- 
agement of pain after some types of surgery [1], diclofenac is 
still not licensed for i.v. use in this country. This is 
unfortunate, as this drug has a relatively good safety profile 
and has considerable potential. Unfortunately, the i.m. route is 
painful and the onset of action slow. 


W. CAMPBELL 
C. WATTERS 
Belfast 
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INTRA-ARTERIAL REGIONAL ANALGESIA 


Sir,—In their paper on intra-arterial regional analgesia of 
the hand [1], Koscielniak-Nielsen and Stens-Pedersen state 
that the Vishnevsky technique of “squirt and cut” local 
anaesthesia was used in the Crimean war. 


This was not possible. The Allied armies landed in the 
Crimea on September 14, 1854. Carl Koller did not discover 
and describe the local anaesthetic properties of cocaine until 
almost exactly 30 years later, in September, 1884 [2]. 

May I add a note about Vishnevsky. It was my good fortune 
to meet and become friends with General Vishnevsky in 
Moscow 30 years ago. He was a skilled surgeon, Head Doctor 
at the Vishnevsky Clinic in Moscow, and son of the man after 
whom the technique was named. In the grounds of the 
institute is a huge marble statue of his father. 

The “squirt and cut” method can be more scientifically 
described as follows: “Use 0.25 % lignocaine plain: you may 
use as much as is necessary; inject all sites before you incise 
them.” It was a method still widely used in even the best 
Moscow clinics, for example the Botkin, in the late 1950s and 
early 1960s, combined, it must be said, with heavy sedation. 


T. R. AUSTIN 
Cardiff 
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Sir,—I wish to comment on some historical events referred 
to in the paper by Koscielniack and colleagues [1]. The first 
record of the injection of cocaine into arteries was with a view 
to determine its toxicity [2]. The method of intra-arterial 
regional analgesia was first described in animals and in humans 
by the vascular surgeon J. Goyanes (1876-1964) in 1908, not 
in 1912 [3). 

He obtained much the same results with the injection of 
weak solutions of cocaine, eucaine and novocaine into arteries 
between two tourniquets as could be obtained with i.v. 
administration. The local anaesthetic is carried by the 
capillaries to the individual nerve-endings [4, 5]. 

In additional studies, Goyanes used intra-arterial regional 
analgesia with novocaine in 70 patients for surgical procedures 
of the extremities, with only two failures of the technique [6]. 


F. GILsaNnz 
Madrid 
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Sir,——Please do excuse the unfortunate error caused by our 
ignorance of the terminology used in British history textbooks. 
The “Crimean war” to which we refer took place during the 
Second World War, when the Red Army conquered the 
Crimean Peninsula. The “squirt and cut” method was widely 
used there by its surgeons (lectures on the history of wartime 
surgery delivered by the late Prof. Sylwanowicz for his 
students in Warsaw, Poland, in the 1970s). Our apologies to 
Dr Austin and all other colleagues misled by our imprecise 
statement. 

I thank Dr Gilsanz for his valuable comments on the origin 
of intra-arterial analgesia. Despite an extensive search in the 
medical literature in both Europe and Canada, we could not 
trace the original articles dealing with the subject. Unfor- 
tunately, articles published in the Spanish medical journals at 
the beginning of the century are not included in the existing 
databases, nor is the chapter in Allen’s book. Therefore, after 
lengthy correspondence with the editors, a compromise was 
reached to present the references as published. 


Z. J. KOSCIELNIAK-NIRLSEN 
Montreal 


TRACHEAL INTUBATION WITH THE PATIENT IN THE 
SITTING POSITION 


Sir,—I wish to make the following observations on the letter of 
Brock-Utme and Jaffe [1]. The effectiveness of the head-up 
position in preventing regurgitation was demonstrated long 
ago [2], although it does not, of course, protect against active 
vomiting. One suspects that the reason it was not adopted 
widely was because the use of cricoid pressure was described 
soon after by Sellick [3], and this became an essential for safe 
practice. 
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I was fortunate when training at Frenchay Hospital, Bristol 
in the early 1950s to be taught by Dr Tom Wilton and Mr 
Ronald Belsey the technique of bronchoscopy under local 
analgesia with the patient seated in a dental chair; on many 
occasions since, when faced with a difficult or hazardous 
intubation, I have been grateful for this experience. 

The technique of local analgesia is simpler than that 
described by Brock-Ume and Jaffe, involving spraying the 
pharynx, then anaesthetizing the glottis and bronchial tract 
under indirect vision using a laryngeal mirror and syringe to 
trickle lignocaine first onto the vocal cords and then through 
the larynx into the bronchial tract. This is the easiest and least 
uncomfortable method for the conscious patient. I have seldom 
needed to use invasive methods such as cricothyroid injection 
or laryngeal nerve block, except in the occasional unco- 
operative patient. 

Both laryngoscopy and rigid brochoscopy are easier with the 
patient sitting, partly because the head and neck can be moved 
into the appropriate position more readily than when the 
subject is lying flat. More importantly, the tongue and soft 
tissues fall away from the airway when in the vertical position, 
as exemplified by the fact that patients suffering from 
respiratory distress instinctively take up this posture to ease 
their breathing. One might suggest that the airway is even 
better protected if topical anaesthesia is taken only as far as the 
glottis, thus retaining the cough reflex in the trachea. With 
immediate cuff inflation, and rapidly acting i.v. agents, the 
effects of coughing as the tube is passed are minimized. 

Whether standard or fibreoptic techniques are preferable I 
cannot judge, as I retired from clinical practice before 
mastering the latter! 


A. K. ADAMS 
Cambridge 
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BOOK REVIEW 


Towards a New Pharmacotherapy of Pain. Edited by A. I. 
Basbaum and J.-M. Besson. Published (1991) by John 
Wiley & Sons Ltd. Pp. 457; indexed; illustrated. Price 
£65.00. 


This book is the report of a Dahlem workshop held in Berlin 
in 1989. There are four main sections. The first is on the 
physiological and pharmacological bases of nociceptive mes- 
sage control and transmission. The second is about opioid 
tolerance. The third section concerns the molecular basis of 
opioid antinociception and the use of this information for the 
design of new drugs. The fourth is about neuropathic pain 
after peripheral injury. 

The calibre of the participants was extremely high, with a 
mix of European and American. The format is that individual 
papers relevant to the heading are followed by a group report 
on the topic. The standard of many of the papers is extremely 
high. Although some topics have necessarily been marginally 
overtaken by events in the 2 years since the meeting, the choice 
of topics was sufficiently perceptive that most remain leading- 
edge summaries of problem areas in both basic and clinical 
pain work. The cross-disciplinary format results in thought- 
provoking conclusions. 

The clinical aspects are most evident in the tolerance and 
neuropathic pain sections. Tolerance remains enigmatic; in 
acute settings it is rarely a clinical problem, and similarly in 
chronic pain management we usually interpret increased drug 
requirement to indicate increase in pain intensity or change in 
the character (and hence analgesic sensitivity) of the pain. We 
have no real understanding of why patients can still obtain 
effective analgesia with few, or manageable, side effects. We 
assume that this is a result of the dose-response curve for 
analgesia being left-shifted relative to that for the side effects, 
and perhaps the shape of the curves is also different. The 


clinical chapter in the tolerance section explores the influence 
of previous opioid exposure. It includes data from Dr Houde 
at Memorial Sloan-Kettering. He and his colleagues did 
unique controlled studies in many areas of analgesic research, 
but published them in obscure reports, so that the information 
takes many years to percolate through. The data shown here 
indicate that the analgesic dose-response curve for morphine 
is shifted to the right when the effect of two doses is separated 
by 14 days. The basic science chapters show that the 
mechanisms of tolerance include a rapid (hours) desensitiz- 
ation specific to receptor subtype and a slower process of 
down-regulation, again specific to receptor subtype, but with 
an estimated maximum extent of 30-40 %. In most anaesthetic 
contexts the desensitization would appear to be the more 
important mechanism. The chapters also emphasize the 
importance of the degree of receptor occupancy. Opioids with 
a high degree of efficacy at a particular subtype need to occupy 
only a small fraction of the receptors to achieve the desired 
effect compared with opioids of lesser efficacy. Tolerance 
development will be more marked with drugs of lesser efficacy. 
It is this difference in occupancy which is the probable 
explanation of incomplete cross-tolerance. 

The treatment of neuropathic pain is a major problem for 
anaesthetists involved in chronic pain. The chapters reflect the 
various controversies, the heterogencity of the pathogenesis, 
the involvement of the sympathetic nervous system and the 
sensitivity of neuropathic pain to conventional analgesics. 
There are interesting thoughts which would not emerge in 
journal articles, but nothing new clinically. 

I think that this is a stimulating book. It reads as though the 
meeting was stimulating. It is not light reading, and is a book 
for the specialist. It is well put together. 


H. F. McQuay 
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—, Training in fibreoptic laryngoscopy, TELFORD, R. J., 
et al., (C) 503 

Anaesthetic techniques, hypotensive, Comparison of 
the Finapres and direct arterial pressure monitoring 
during profound hypotensive anaesthesia, AITKEN, 

H A., et al. 36-40 

—, Controlled hypotension for cerebral aneurysm 
in the presence of severe aortic coarctation, GOODIE, 
D. B., et al. 329-331 

—, Effects of adenosine triphosphate on the 
cardiovascular res e to tracheal intubation, 
Mikawa, K., et al. 410-415 

, Haemodynamic effects and outcome analysis of 

hypotensive extradural anaesthesia in controlled 

hypertensive patients undergoing total hip arthroplasty, 

SHARROCK, N., E., e: al. 17-25 
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—, Repair of traumatic transection of the thoracic aorta: 
esmolol for intraoperative control of arterial pressure, 
FENNER, S. G., et al. 483-487 

Anaesthetic techniques, induction, Comparison of bolus 
or slow influsion of propofol for induction of 

anaesthesia in the elderly, MCLAUCHLAN, G. A., et al., 

(ARS) 211P 

» Haemodynamic effects of propofol: induction with 

2.5 mg kg’, FAIRFIELD, J. E., et al. 618-620 

—, Inhalation induction of anaesthesia with isoflurane: 
effect of added carbon dioxide, COLEMAN, S. A., et al. 
257-261 

—, Inhalation induction of anaesthesia with isoflurane in 
children, Lewis, I. H., (C) 500 

——, Inhalation induction of anaesthesia with isoflurane in 
children, Warne, D. J., et al., (C) 500-501 

——, Midazolam and propofol for induction of anaesthesia, 
McCuung, S., et al., (ARS) 215-216P 

» Propofol and midazolam act synergistically in 

combination, SHORT, T. G., et al. 539-545 

—, Rapid inhalation induction with isoflurane in 
humidified carrier gas, VAN HEERDEN, P. V., et al. 
470-472 

Anaesthetic techniques, inhalation, Inhalation induction 
of anaesthesia with isoflurane: effect of added carbon 

dioxide, COLEMAN, S. A., et al. 257-261 

, Inhalation induction of anaesthesia with isoflurane in 

children, Lewis, I. H., (C) 500 

—, Inhalation induction of anaesthesia with isoflurane in 
children, Warpg, D. J., et al., (C) 500-501 

Anaesthetic techniques, i.v. bolus, Comparison of bolus 
or slow influsion of propofol for induction of 
anaesthesia in the elderly, MCLAUCHLAN, G. A., et al., 
(ARS) 211P 

Anaesthetic techniques, i.v. infusion, Comparison of 
arterial and arterialized venous concentrations of 
propofol during infusion of propofol, ORELL, R. W., 

et al. 285-288 

, Comparison of bolus or slow influsion of propofol for 

induction of anaesthesia in the elderly, MCLAUCHLAN, 

G. A., et al., (ARS) 211P . 

—, Comparison of infusion rates of thiopentone for 
induction of anaesthesia in elderly patients, BERTHOUD, 
M. C., et al., (ARS) 645P 

——, Comparison of thiopentone and propofol at two rates 
of administration in patients with severe head injury, 
ANDREWS, P. J. D., et al., (ARS) 212P 

—, Dose requirements to suppress consciousness by 
continuous infusion of propofol in young adults, 
DUNNET, J. M., et al., (ARS) 214-215P 

—, Hyperventilation and blood concentrations of 

propofol during total i.v. anaesthesia, ENEVER, G., 

et al., (ARS) 217-218P 

, Pharmacokinetic model driven infusion of propofol in 

children, MARSH, B., et al. 41-48 

—, Sedation with propofol during surgery under regional 
block: evaluation of a computer controlled infusion 
system, SKIPSEY, I. G., et al., (ARS) 218-219P 

Anaesthetic techniques, loading dose, The loading dose 
in continuous i ion extradural analgesia in 
obstetrics, JANES, E. F., et al. 323-325 

Anaesthetic techniques, local, Intra-arterial regional 
analgesia, AUSTIN, T. R., (C) 803 

—, Intra-arterial regional analgesia, GILSANZ, F., (C) 
803-804 

——, Intra-arterial regional analgesia, KOSCIELNIAK- 
NIELSEN, Z. J., (C) 804 

Anaesthetic techniques, preoxygenation, Effectiveness 
of preoxygenation in morbidly obese patients, 
BERTHOUD, M. C., et al. 464-466 

——, Preoxygenation: use of a high flow delivery system, 
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Anaesthetic techniques, regional, Regional anaesthesia 
requires attention to detail, Ievrns, F. A., (C) 225 
—, Regional anaesthesia requires attention to detail, 
Wrpsmita, J. A. W., (C) 224-225 
Sedation with propofol during surgery under regional 
block: evaluation of a computer controlled infusion 
system, SKIPSEY, I. G., et al., (ARS) 218-219P 
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Inverse correlation between the peak venous serum 
concentration of bupivacaine and the weight of the 
tient during interscalene brachial plexus block, 
JAMAKI, K. K. 621-622 
—, Unsuspected extradural catheterization in an 
interscalene block, Cook, L. B. 473-475 
Anaesthetic techniques, regional, caudal, Ketamine for 
caudal analgesia in children: comparison with caudal 
bupivacaine, NAGUIB, ML, et al. 559-564 
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block, Patterns of oxygenation after thoracotomy, 
ENTWISTLE, M. D., et al. 704-711 
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Postoperative analgesia by infusion of local anaesthetic 
into the rectus sheath, WATSON, D., et al., (ARS) 656P 
Anaesthetic techniques, subarachnoid, First use of 
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L. E. S., (C) 667 
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ELDOR, J., (C) 666 
—, Headache after spinal anaesthesia, RED, J. A., et al., 
(E) 674-677 
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—, Metabolic response to colonic surgery: extradural vs 
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663 
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663 
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incidence of postdural puncture headache, LYNCH, J., 
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Anaesthetic techniques, subarachnoid, complications, 
Headache after continuous spinal anaesthesia, KESTIN, 
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—, Headache after continuous spinal anaesthesia, 
MILLIGAN, H. R., et al., (C) 131 
—, Transient ischaemic attack after spinal anaesthesia, 
CHUNG, R. A., et al. 635-637 
Anaesthetic techniques, topical, Preliminary study to 
assay plasma amethocaine concentrations after topical 
application of a new local anaesthetic cream containing 
amethocaine, MAZUMDAR, B., er al. 432—436 
Anaesthetic techniques, total, Total i.v. anaesthesia with 
propofol and alfentanil: influence of-age and weight on 
dose requirements, RAFTERY, S., et al., (ARS) 218P 
Anaesthetics gases, cyclopropane, Effect of 5% and 
10% MAC of cyclopropane and halothane on peak 
velocity of saccadic eye movements, YOSHIZUMI, J., 
et al., (ARS) 212-213P 
—, Effects of low concentrations of cyclopropane and 
halothane on peak velocity of saccadic eye movements, 
Yosuizumi, J., et al. 735—740 
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marrow aplasia, FENNER, S. G., et al., (C) 665 
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. 289-295 
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——-, Rapid inhalation induction with isoflurane in 
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etomidate and propofol on systemic vascular resistance 
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——, Modification by drugs used in anaesthesia of CNS 
stimulation induced in mice by laudanosine and 
strychnine, AL-MUHANDIS, W. M., et al. 608-613 
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only histamine release selectively from human mast 
cells, STELLATO, C., et al. 751-758 
—, Ketamine for caudal analgesia in children: 
comparison with caudal bupivacaine, NAGUIB, M., 
et al. 559-564 
—, Pharmacokinetics and distribution of ketamine after 
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Anaesthetics i.v., methohexitone, Modification by drugs 
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G. A., et al., (ARS) 211P 
—, Comparison of the effects of anaesthetic agents on 
mitogen-induced lymphocyte proliferation m vitro, 
O'DONNELL, C. A., et al., (ARS) 658-659P 
—, Comparison of the effects of propofol, midazolam and 
thiopentone on neutrophil polarization in vitro, 
O'DONNELL, N. G., et al., (ARS) 661P 
—, Comparison of thiopentone and propofol at two rates 
of administration in patients with severe head injury, 
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—, Diprivan intensive care sedation in children, 
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——, Disposition of propofol at Caesarean section and in 
the postpartum period, Gin, T., et al. 49-53 
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McCtong, S., et al., (ARS) 215-216P 

—, Modification by drugs used in anaesthesia of CNS 
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strychnine, AL-MUHANDIS, W. M., et al. 608-613 

» Non-invasive measurement of cardiac output during 

induction of anaesthesia and tracheal intubation: 

thiopentone and propofol compared, VOHRA, A., et al. 
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endoscopy: comparison with midazolam, PATTERSON, 
K. W., et al. 108-111 
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—, The anti-oxidant potential of propofol, MURPHY, 
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RAFTERY, S., et al., (ARS) 218P 

Anaesthetics i.v. thiopentone, Anaesthetic-plasma 
interactions: a study using nuclear magnetic resonance 
spectroscopy (MRS), Evans, R. D., et al., (ARS) 217P 

—, Analgesia with subhypnotic doses of thiopentone and 
propofol, ARENDT-NIBLSEN, L., et al., (C) 227 

——, Analgesia with subhypnotic doses of thiopentone and 
propofol, WILDER-SMITH, O., et al., (C) 226-227 
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thiopentone or propofol induction of anaesthesia, 
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O'DONNELL, C. A., et al., (ARS) 658-659P 

» Comparison of the effects of propofol, midazolam and 

thiopentone on neutrophil polarization in vitro, 

O’DONNELL, N. G., et al., (ARS) 661P 

» Comparison of thiopentone and propofol at two rates 
of administration in patients with severe head injury, 
ANDREWS, P. J. D., et al., (ARS) 212P 

——, Desaturation and induction characteristics: 

comparison of propofol and thiopentone during mask 

anaesthesia with isoflurane, HEAD-RAPSON, A. G., et al., 

(ARS) 203P 
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stimulation induced in mice by laudanosine and 
strychnine, AL-MUHANDIS, W. M., et al. 608-613 
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——, Thiopentone-propofol hypnotic synergism in patients, 
NAGUI, M., et al. 4-6 
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assay plasma amethocaine concentrations after topical 
application of a new local anaesthetic cream containing 
amethocaine, MAZUMDAR, B., et al. 432-436 

Anaesthetics local, bupivacaine, Cardiovascular effects 
and regional clearances of i.v. bupivacaine in sheep: 
enantiomeric analysis, RUTTEN, A. J., et al. 247-256 

—-, Disposition of mepivacaine and bupivacaine 
enantiomers in pikes MATHER, L. E. 239-246 

—, Effect of i.v. low-dose adrenaline and phenylephrine 

infusions on plasma concentrations of bupivacaine after 

lumbar extradural anaesthesia in elderly patients, 

SHARROCK, N. E., et al. 694-698 

» Effects of extradural bupivacaine with adrenaline for 

Caesarean section on uteroplacental and fetal 

circulation, ALAHUHTA, S., et al. 678-682 

» First pass lung uptake of bupivacaine: effect of 

acidosis in an intact rabbit lung model, PALAZZO, 

M. G. A., et al. 759-763 

, Incremental spinal anaesthesia and Caesarean 

section—relevance to the test dose for extradural 

analgesia, KESTIN, I. G., (C) 228 

, Incremental spinal anaesthesia and Caesarean 

section—relevance to the test dose for extradural 

analgesia, TUNSTALL, M. E., (C) 227-228 

—, Inverse correlation between the peak venous serum 

concentration of bupivacaine and the weight of the 

patient during interscalene brachial plexus block, 

PrHLajAMAKI, K. K. 621-622 

> Ketamine for caudal analgesia in children: 

comparison with caudal bupivacaine, NAGUIB, M., 

et al. 559-564 

—, Patterns of oxygenation after thoracotomy, 
ENTWISTLE, M. D., et al. 704-711 

—, Postoperative analgesia by infusion of local 

anaesthetic into the rectus sheath, WATSON, D., et al., 

(ARS) 656P 

, Protein metabolism after abdominal surgery: effect of 
24-h extradural block with local anaesthetic, CARLI, F., 
et al. 729-734 

—, The loading dose in continuous infusion extradural 
analgesia in obstetrics, JANES, E. F., et al. 323-325 
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Anaesthetics local, lignocaine, Effect of adrenaline on 
extradural anaesthesia, plasma lignocaine concentrations 
and the feto—placental unit during elective Caesarean 
section, McLunTICc, A. J., et al. 683-689 
—, Effects of i.v. lignocaine on psychological 
performance and subjective state in healthy volunteers, 
ARMSTRONG, P. J., et al. 532-538 

——, Systemic fentanyl enhances the spread of spinal 
analgesia produced by lignocaine, FASSOULAKI, À., et al. 
437-439 

Anaesthetics local, lignocaine—bupivacaine, 
Comparison of plain and alkalinized local anaesthetic 
mixtures of lignocaine and bupivacaine for elective 
extradural Caesarean section, FERNANDO, R., et al. 
699-703 

Anaesthetics local, mepivacaine, Disposition of 
mepivacaine and bupivacaine enantiomers in sheep, 
MATHER, L. E. 239-246 

Anaesthetics local, stereoisomers, Cardiovascular effects 
and regional clearances of i.v. bupivacaine in sheep 
enantiomeric analysis, RUTTEN, A. J., et al. 247-256 

——-, Disposition of mepivacaine and bupivacaine 
enantiomers in sheep, MATHER, L. E. 239-246 

Anaesthetics volatile, enflurane, Neuromuscular and 
clinical effects of mivacurium chloride in healthy adult 
patients during nitrous oxide—enflurane anaesthesia, 
GOLDHILL, D. R., et al. 289-295 

Anaesthetics volatile, halothane, Anaesthetic_plasma 
interactions: a study using nuclear magnetic resonance 
spectroscopy (MRS), Evans, R. D., et al., (ARS) 217P 
—~, Comparison between sevoflurane and halothane for 
paediatric ambulatory anaesthesia, NATTO, Y., et al. 
387-389 
——, Effect of 5% and 10% MAC of cyclopropane and 
halothane on peak velocity of saccadic eye movements, 
YOSHIZUMI, J., et al., (ARS) 212-213P 
—~, Effect of Paso, on cerebral blood flow distribution 
during halothane compared with isoflurane anaesthesia 
in the rat, YOUNG, W. L., et al. 440-446 

——-, Effects of low concentrations of cyclopropane and 
halothane on peak velocity of saccadic eye movements, 
YOSHIZUMI, J., et al. 735-740 

—-—, Halothane hepatitis, Ray, D. C., et al. 84-99 

——-, Pathogenesis of suxamethonium~induced muscle 
damage in the biventer cervicis muscle in the chick, 
MCLOUGHLIN, C., et al, 764-767 

—-, Screening for antibodies associated with halothane 
hepatitis, HASTINGS, K. L., et al. 722-728 

Anaesthetics volatile, isoflurane, Absorption of 
isoflurane by silica gel, Luma, A. B., et al. 106-107 

——-, Desaturation and induction characteristics: 
comparison of propofol and thiopentone during mask 
anaesthesia with isoflurane, HEAD-Rapson, A. G., et al., 
(ARS) 203P 

—, Effect of Paco, on cerebral blood flow distribution 
during halothane compared with isoflurane anaesthesia 
in the rat, YOUNG, W. L., et al. 440-446 

——, Effects of labetalol on perioperative stress markers 
and isoflurane requirements, AMAR, D., et al. 296-301 

—-, Haemodynamic and oxygen transport effects of 
isoflurane as sedation in ventilated patients in the 
oe care unit, BROWNE, G. P. R., et al., (ARS) 
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—,, Inhalation induction of anaesthesia with isoflurane: 
effect of added carbon dioxide, COLEMAN, S. A., et al. 
257-261 

—, Inhalation induction of anaesthesia with isoflurane in 
children, Lewis, I. H., (C) 500 

—, Inhalation induction of anaesthesia with isofturane in 
children, Warps, D. J., et al., (C) 500-501 

——, Rapid inhalation induction with isoflurane in 
humidified carrier gas, VAN HEERDEN, P. V., et al. 
470-472 


824 


—, Rib cage contribution to resting and carbon dioxide 
stimulated ventilation during 1 MAC isoflurane 
anaesthesia, Luma, A. B., et al. 712-721 

Anaesthetics volatile, sevoflurane, Comparison between 
sevoflurane and halothane for paediatric ambulatory 
anaesthesia, NAITO, Y., et al. 387-389 

Anaesthetics volatile, trace concentrations, 
Determination of contamination of a chemical warfare- 
proof operating theatre with volatile anaesthetic agents 
and assessment of anaesthetic gas scavenging systems, 
YOGANATHAN, S., et al. 614-617 

Analgesia, obstetric, The loading dose in continuous 
infusion extradural analgesia in obstetrics, JANES, E. F., 
et al. 323-325 

Analgesia, paediatric, Ketamine for caudal analgesia in 
children: comparison with caudal bupivacaine, NAGUIB, 
M., et al. 559-564 

patient-controlled, Double-blind comparison 
of the morphine sparing effect of continuous and 
intermittent i.m. administration of ketorolac, BURNS, 
J. W., et al. 235-238 


extradural fentanyl by three different methods, 
KLUGER, M. T., et al., (ARS) 656-657P 

—, Patient-controlled anxiolysis with propofol, URE, 
R. W., et al., (ARS) 657-658P 

—, The first year’s experience of an acute pain service, 
WHEATLEY, R. G., et al, 353-359 

Analgesia, postoperative, Double-blind comparison of 
the morphine sparing effect of continuous and 
intermittent i.m. administration of ketorolac, BURNS, 
J. W., et al. 235-238 

—, Ketamine for caudal analgesia in children : 
comparison with caudal bupivacaine, NAGUIB, M., 
et al. 559-564 

—, Patterns of oxygenation after thoracotomy, 
ENTWISTLE, M. D., et al. 704-711 

—, Postoperative analgesia by infusion of local 
anaesthetic into the rectus sheath, WATSON, D., et al., 
(ARS) 656P 

Analgesic techniques, extradural, The loading dose in 
continuous infusion extradural analgesia i in obstetrics, 
James, E. F., et al. 323-325 

Analgesic techniques, infusion, Pain relief and 
hypoxaemia during administration of extradural 
fentanyl by three different methods, KLUGER, M. T., 
et al., (ARS) 656-657P 

Analgesic techniques, regional, i.a., Intra-arterial 
regional analgesia, AUSTIN, T. R., (C} 803 

—, Intra-arterial regional analgesia, GILSANZ, F., (C) 
803-804 

—, Intra-arterial regional analgesia, KOSCrELNIAK- 
NIELSEN, Z. J., (G) 804 

Analgesic techniques, subhypnotic dose, Analgesia with 
subhypnotic doses of thiopentone and propofol, 
ARENDT-NIELSEN, L., et al., (C) 227 

—, Analgesia with subhypnotic doses of thiopentone and 
propofol, WILDER-SMITH, O., et al., (C) 
226—227 

Analgesics non-opioid, diclofenac, Venous sequelae 
after i.v. diclofenac, CAMPBELL, W., et al., O 803 

—, Venous sequelae after i.v. diclofenac, GOPINATH, R., 
(C) 803 

Analgesics non-opioid, ketorolac, Double-blind 
comparison of the morphine sparing effect of 
continuous and intermittent i.m. administration of 
ketorolac, Burns, J. W., et al. 235-238 

—, Gastric emptying and small bowel transit in male 
volunteers after i.m. ketorolac and morphine, YER, 
M. K., et al. 426-431 

Analgesics opioid, alfentanil, Attenuation of the pressor 
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